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ABSTRACT

The 2013 Building Energy Efficiency Standards for Nonresidential Buildings allow compliance by either a
prescriptive or performance method. Performance compliance uses computer modeling software to trade
off efficiency measures. Computer performance compliance is typically the most popular compliance
method because of the flexibility it provides in the building design.

Energy compliance software must be certified by the Energy Commission, following rules established for
the modeling software. This document establishes the rules for the process of creating a building model,
describing how the proposed design (energy use) is defined, how the standard design (energy budget) is
established, and ending with what is reported on the Performance Compliance Certificate (PRF-1). This
Nonresidential Alternative Calculation Method (ACM) Reference Manual explains how the proposed and
standard designs are determined. This document also establishes the procedure for performance
calculation, necessary rule sets, reference method for testing Compliance Software accuracy and the
minimum reporting requirements.

The 2013 Compliance Software is the simulation and compliance rule implementation software specified
by the Energy Commission. The Compliance Manager, called California Building Energy Code
Compliance (CBECC), models all features that affect the energy performance of the building. This
document establishes the process of creating a building model. Each section describes how a given
component, such as a wall or fenestration is modeled for the proposed design, standard design, and ends
with what is reported on the Performance Compliance Certificate (PRF-1) for verification by the building
enforcement agency.

Keywords: ACM, Alternative Calculation Method, Building Energy Efficiency Standards, California
Energy Commission, California Building Energy Code Compliance, CBECC, Performance Compliance
Certificate (PRF-1), compliance manager, compliance software, computer compliance, energy budget,
Time Dependent Valuation (TDV), energy standards, energy use, prescriptive compliance, performance
compliance, design, proposed design, standard design
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1. Overview

1.1 Purpose

This document is the California Nonresidential ACM Reference Manual. It explains the requirements for
approval of nonresidential compliance and Compliance Software in California. Approved software is used
for two purposes: to demonstrate minimum compliance with the California energy efficiency standards
and to achieve beyond-code energy performance needed to qualify for Reach standards. The procedures
and processes described in this manual are designed to provide consistency and accuracy while
preserving the integrity of the process of Compliance and Reach. This manual addresses software for
nonresidential buildings, hotels & motels, and high-rise residential buildings as outlined in Title 24, Part 6,
Subchapter 5, 8140.1. A separate ACM Reference Manual applies to low-rise residential buildings. The
approval process for nonresidential software programs is specified in Title 24, Part 1, §10-101 through
§10-110 of the California Code of Regulations.

1.2 Modeling Assumptions

When calculating annual energy use, it is necessary to make assumptions about how the proposed
building is operated. Operating assumptions include thermostat settings, number of occupants, receptacle
loads, process loads, hot water loads as well as schedules of operation for HYAC systems, lighting
systems and other systems. Sometimes these data are known with some certainty and other times (for
instance for speculative buildings), it is necessary to make estimates. These inputs are prescribed (they
are fixed for both the proposed design and for the baseline building and can't be changed. Some of these
inputs are prescribed (they are fixed for both the proposed design and for the baseline building and can’t
be changed), while others are defaults for California Compliance and for California Reach.

1.3 Scope

This manual is intended to be used for software programs seeking certification as Title 24 compliance
software for nonresidential buildings.

The long-term goal of this manual is to define modeling rules and procedures for all common design
features that are incorporated in commercial buildings. The authors recognize, however, that this goal
cannot be fully achieved due to limitations in the development energy simulation algorithms, and due to
the natural lag time between the introduction of an advanced energy efficiency measure or device and the
development of algorithms to simulate its performance.

Since the ACM Reference Manual can be modified during a code cycle without a formal rulemaking,
updates can be made to improve the accuracy and usability of compliance software.
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1.4 Organization

This document is organized in five chapters and several appendices, as described below:

Chapter Description

1. Overview The purpose, organization, content, and intent of the
manual (this chapter).

2. General Modeling Procedures An overview of the modeling process, outlining the
modeling rules and assumptions that are
implemented in the same way for both the standard
design and the proposed design, and procedures for
determining system types and equipment sizes.

3. Software Requirements Requirements for the simulation engines and
software shells that are used to make calculations,
and special reporting requirements for non-standard
building features.

4. Content and Format of Standard Reports The content and organization of the standard reports
that need to be produced by qualifying software.

5. Building Descriptors Reference The acceptable range of inputs for the proposed
design and a specification for the standard design.

In addition, a number of appendices are provided that contain reference material that support definition of
the proposed design and standard design. The numbering for these appendices generally aligns with the
section numbers in the main manual that reference the appendices.

1.5 Reference Method

The reference procedures and method described in this manual establish the basis of comparison for all
software. The approval process ensures that a minimum level of energy efficiency is achieved regardless
of the software used. This is accomplished by;

e specifying a series of Reference Method comparison tests that candidate software must pass,

e specifying input which may be varied in the compliance process for credit and input that is fixed or
restricted,

o defining standard report output requirements,
e software vendor-certification to the requirements in this manual.

The Nonresidential ACM Reference Manual is an approved document, separate from the formally
adopted ACM regulations. This gives the Commission the flexibility to incorporate new modeling
procedures or features, or fix errata, within the code cycle. The document is said to be in continuous
maintenance. Software may be certified with the capability of modeling specific building systems or
features.

The Commission's purpose in approving additional capabilities is to accommodate new technologies
which have only begun to penetrate the market and new modeling algorithms. Newly added capabilities
which evaluate measures already in relatively common use shall have their standard design for the
measure based on the common construction practice (or the typical base situation) for that measure since
common practice is the inherent basis of the standards for all measures not explicitly regulated. For
example, the Commission has no interest in an optional capability that evaluates the energy impacts of
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dirt on windows unless a new technology produces substantial changes in this aspect of a building
relative to buildings without this technology. The burden of proof that an additional capability should be
approved lies with the applicant.

Companion documents which are helpful to prepare software for certification include the latest editions of
the following Commission publications:

e Energy Efficiency Standards

e Appliance Efficiency Regulations

e Nonresidential Compliance Manual

e Nonresidential ACM Approval Manual
o Reference Nonresidential Appendices
o Reference Joint Appendices

In this manual the term "Standards" means the Building Energy Efficiency Standards, Title 24, Part 6 of
the California Code of Regulations. The term "compliance" means that a building design in an application
for a building permit complies with the "Standards" and meets the requirements described for building
designs therein.

There are a few special terms that are used in this Manual. The Commission approves software for use
in demonstrating compliance. Commission approval means that the Commission accepts the applicant's
certification that software meets the requirements of this Manual. The proponent of candidate software is
referred to as a vendor. The vendor shall follow the procedure described in this document to publicly
certify to the Commission that the software meets the criteria in this document for:

e Accuracy and reliability when compared to the Reference Method; and

e Suitability in terms of the accurate calculation of the correct energy budget, the generation of output
for transmission to standardized forms, and the documentation on how the program demonstrates
compliance.

In addition to explicit technical criteria, Commission approval will also depend upon the Commission's
evaluation of:

e Enforceability in terms of reasonably simple, reliable, and rapid methods of verifying compliance and
application of energy efficiency features modeled by the software and the inputs used to characterize
those features by the software users.

o Dependability of the installation and energy savings of features modeled by the software. The
Commission will evaluate the probability of the measure actually being installed and remaining
functional. The Commission shall also determine that the energy impacts of the features that the
software is capable of modeling will be reasonably accurately reflected in real building applications of
those features. In particular, it is important that the software does not encourage the replacement of
actual energy savings with theoretical energy savings due to tradeoffs allowed by the software.

For the vendor, the process of receiving approval of software includes preparing an application, working
with the Commission staff to answer questions from either Commission staff or the public, and providing
any necessary additional information regarding the application. The application includes the four basic
elements outlined below. The Commission staff evaluates the software based on the completeness of
the application and its overall responsiveness to staff and public comment.

The four basic requirements for approval include:
1. Required capabilities:
Software shall have all the required input capabilities explained in Chapter 2.

Software shall meet software requirements and documentation requirements for applicable features
supported by the software, as described in Chapter 3.
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2. Accuracy of simulation:

The software shall demonstrate acceptable levels of accuracy by performing and passing the required
certification tests discussed in Appendix 3B.

The software vendor conducts the specified certification tests in Appendix 3B, evaluates the results
and certifies in writing that the software passes the tests. The Commission will perform spot checks
and may require additional tests to verify that the proposed software is appropriate for compliance
purposes.

When energy analysis techniques are compared, two potential sources of discrepancies are the
differences in user interpretation when entering the building specifications, and the differences in the
software's algorithms (mathematical models) for estimating energy use. The approval tests minimize
differences in interpretation by providing explicit detailed descriptions of the test buildings that must
be analyzed. For differences in the software's algorithms, the Commission allows algorithms that
yield equivalent results.

3. User's Manual:

The vendor shall include a User’'s Manual and/or help system that provides appropriate guidance for
specifying inputs and running a simulation for compliance.

4. Program support:

The vendor shall provide ongoing user and enforcement agency support as described in the
Nonresidential ACM Approval Manual.

The Commission may hold one or more workshops with public review and vendor participation to allow for
public review of the vendor's application. Such workshops may identify problems or discrepancies that
may necessitate revisions to the application.

Commission approval of software programs is intended to provide flexibility in complying with the
Standards. However, in achieving this flexibility, the software shall not degrade the standards or evade
the intent of the Standards to achieve a particular level of energy efficiency. The vendor has the burden
of proof to demonstrate the accuracy and reliability of the software relative to the reference method and to
demonstrate the conformance of the software to the requirements of this manual.

1.6 Compliance

1.6.1 Type of Project Submittal

Software shall require the user to identify the type of project; either Compliance or Reach. The software
shall require the user to choose one of the following options:

e New Building or Addition Alone. Software may do this by treating an addition alone as a new building,
but an addition modeled in this way shall be reported on all output forms as an Addition (modeled
alone).

e Alteration of Existing Building.
e Alteration of Existing Building plus Addition.
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1.6.2 Scope of Compliance Calculations

For each building or separately permitted space, software shall also require the user to identify the scope
of the compliance submittal from the following list:

e Envelope only

Envelope and Lighting

e Envelope and Partial Lighting

e Envelope and Mechanical

e Mechanical only

e Mechanical and Lighting

e Mechanical and Partial Lighting

e Envelope, Lighting and Mechanical (newly constructed building)

Each of these situations requires specific assumptions, input procedures and reporting requirements.
Modeling assumptions are documented in Chapter 5. Reporting requirements are documented in Chapter
4. Software shall only produce compliance reports specific to the scope of the submittal determined for
the run. For example, an Envelope Only scope run will produce a PRF-01 form with only information
relevant to the Envelope.

Lighting compliance for a partial compliance scenario may be for the entire building, or may be specified
for only portions of the building. When the building applies for partial lighting compliance, the space(s)
where lighting for the space is unknown or undefined shall be marked as “Not Applicable”, and the
compliance software shall use the Standard Design lighting power for the user-defined space type for
both the Proposed Design and Standard Design. Under this compliance scope, the entire building shall
be modeled, and the compliance forms shall indicate the spaces for which lighting compliance is not
performed.

The following modeling rules apply for when the scope of the compliance calculations do not include one
of the following: the building envelope, the lighting system or the mechanical system.

Table 1: Compliance Options

Cases Modeling Rules for Proposed Design Modeling Rules for Standard Design (All):
No Envelope The envelope shall be modeled The envelope shall be identical to the
Compliance according to the as-built drawings and  proposed design.

specifications of the building or as it
occurs in the previously-approved
Mechanical and compliance documentation of the
Lighting building. All envelope features and
inputs required for software by this
manual shall be entered.

Mechanical Only

Note: A partial permit application involving no envelope compliance creates an
exceptional condition. This requires either a copy of the previous envelope
compliance approval or an equivalent demonstration by the applicant (to the
satisfaction of the local enforcement agency) that the building is conditioned and an
occupancy permit has previously been issued by the local enforcement agency.
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No Mechanical Software shall model the proposed The mechanical systems shall be identical
Compliance design HVAC system according to the  to the proposed design.
standard design rules in Chapter 5,

Envelope Only using the standard design system map

Envelope and for determining HVAC system type.

Lighting

No Lighting Previously-approved lighting plans with  The baseline building lighting system shall
Compliance approved lighting compliance forms be identical to the proposed design.

may be entered. The exceptional
conditions list on the PRF-1 form shall
Mechanical Only  indicate that previously-approved
lighting plans and compliance forms
shall be resubmitted with the

Envelope Only

Envelope and

Mechanical application.
In the absence of approved lighting The baseline building lighting system shall
plans and lighting compliance forms, be identical to the proposed design.

the software shall model the standard
design lighting system corresponding
to the user-defined space types.

1.6.3 Climate Zones

The program shall account for variations in energy use due to the effects of the California climate zones
and local weather data. Climate information for compliance simulations shall use the applicable data set
in Reference Appendix JA2.

1.6.4 Time Dependent Valuation

The candidate software shall calculate the hourly energy use for both the standard design and the
proposed design by applying a TDV factor for each hour of the reference year. TDV factors have been
established by the CEC for residential and nonresidential occupancies, for each of the climate zones, and
for each fuel (electricity, natural gas, and propane). The procedures for Time Dependent Valuation of
energy are documented in Reference Appendix JA3.

1.6.5 Reporting Requirements for Unsupported Features

The compliance software shall meet required capabilities and pass applicable certification tests as
defined in Appendix 3A, Appendix 3B and Appendix 3C. While the vendor’s software does not need to
implement every modeling rule in the ACM reference manual, all software features, systems, components
and controls that are modeled must follow the modeling guidelines in the ACM Reference Manual.
Vendors seeking certification for software programs to be used for Title 24 compliance should clearly
state the extent of the capabilities of their software with respect to compliance. Support of a modeling
feature includes correctly processing user input, specifying the standard design correctly, applying that
information to simulation models, and processing the results.

Any building features or systems that cannot be modeled in a compliance software program shall show
compliance using prescriptive forms.
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1.7 Approval Process

1.7.1 Application Checklist

The following items shall be included in an application package submitted to the Commission for software
approval:

e Compliance Software Vendor Certification Statement. A copy of the statement contained in Appendix
A, signed by the software vendor, certifying that the software meets all Commission requirements,
including accuracy and reliability when used to demonstrate compliance with the energy standards.

e Computer Runs. Copies of the computer runs specified in Chapter 3 of this manual on machine
readable form as specified in Chapter 3 to enable verification of the runs.

e Help System and/or User's Manual. The vendor shall submit a complete copy of the help system
and/or software user's manual, including material on the use of the software for compliance purposes.

e Copy of the Compliance Software and Weather Data. A machine readable copy of the software for
random verification of compliance analyses. The vendor shall provide weather data for all 16 climate
zones.

e TDV Factor Documentation. The software shall be able to apply the TDV multipliers described in
Reference Appendix JA3.

e Application Fee. The vendor shall provide an application fee of $2,000.00 (two thousand dollars) as
authorized by §25402.1(b) of the Public Resources Code, made out to the "State of California" to
cover costs of evaluating the application and to defray reproduction costs.

A cover letter acknowledging the shipment of the completed application package should be sent to:

Executive Director

California Energy Commission
1516 Ninth Street, MS-39
Sacramento, CA 95814-5512

Two copies of the full application package should be sent to:

Compliance Software Nonresidential Certification
California Energy Commission

1516 Ninth Street, MS-37

Sacramento, CA 95814-5512

Following submittal of the application package, the Commission may request additional information
pursuant to Title 24, Part 1, 810-110. This additional information is often necessary due to complexity of
software. Failure to provide such information in a timely manner may be considered cause for rejection or
disapproval of the application. A resubmittal of a rejected or disapproved application will be considered a
new application, including a new application fee.

1.7.2 Types of Approval

This Manual addresses two types of software approval: full program approval (including amendments to
programs that require approval), and approval of new program features and updates.

If software vendors make a change to their programs as described below, the Commission shall again
approve the program. Additionally, any software change that affects the energy use calculations for
compliance, the modeling capabilities for compliance, the format and/or content of compliance forms, or
any other change which would affect Compliance or Reach requires another approval.
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Changes that do not affect Compliance or Reach, such as changes to the user interface, may follow a
simplified or streamlined procedure for approval. To comply with this simpler process, the software
vendor shall certify to the Commission that the new program features do not affect the results of any
calculations performed by the program, shall notify the Commission of all changes and shall provide the
Commission with one updated copy of the program and Help System/User's Manual. Examples of such
changes include fixing logical errors in computer program code that do not affect the numerical results
(bug fixes) and new interfaces.

1.7.2.1 Full Approval & Re-Approval of Compliance Software

The Commission requires program approval when candidate software has never been previously
approved by the Commission, when the software vendor makes changes to the program algorithms, or
when any other change occurs that in any way affects the compliance results. The Commission may also
require that all currently approved software be approved again whenever substantial revisions are made
to the Standards or to the Commission's approval process.

The Commission may change the approval process and require that all software be approved again for
several reasons including:

o If the standards undergo a major revision that alters the basic compliance process, then software
would have to be updated and re-approved for the new process.

e If new analytic capabilities come into widespread use, then the Commission may declare them to be
required software capabilities, and may require all software vendors to update their programs and
submit them for re-approval.

When re-approval is necessary, the Commission will notify all software vendors of the timetable for
renewal. A new version of this manual will be published and the Commission will provide instructions for
re-approval.

Re-approval shall be accompanied by a cover letter explaining the type of amendment(s) requested and
copies of other documents as necessary. The timetable for re-approval of amendments is the same as
for full program approval.

1.7.2.2 Approval of New Features & Updates

Certain types of changes may be made to previously approved nonresidential software through a
streamlined procedure, including implementing a computer program on a new machine and changing
executable program code that does not affect the results.

Modifications to previously approved software including new features and program updates are subject to
the following procedure:

e The software vendor shall prepare an addendum to the Compliance Supplement or software user's
manual, when new features or updates affect the outcome or energy efficiency measure choices,
describing the change to the software. If the change is a new modeling capability, the addendum
shall include instructions for using the new modeling capability for compliance.

e The software vendor shall notify the Commission by letter of the change that has been made to the
software. The letter shall describe in detail the nature of the change and why it is being made. The
notification letter shall be included in the revised Compliance Supplement or software user's manual.

e The software vendor shall provide the Commission with an updated copy of the software and include
any new forms created by the software (or modifications in the standard reports).

The Commission will respond within 45 days. The Commission may approve the change, request
additional information, refuse to approve the change, or require that the software vendor make specific
changes to either the Compliance Supplement addendum or the software program itself.
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With Commission approval, the vendor may issue new copies of the software with the Compliance
Supplement addendum and notify software users and building officials.

1.7.3 Challenges

Building officials, program users, program vendors, Commission staff or other interested parties may
challenge any nonresidential software approval. If any interested party believes that a compliance
program, an algorithm or method of calculation used in a compliance program, a particular capability or
other aspect of a program provides inaccurate results or results which do not conform to the criteria
described in his manual, the party may initiate the challenge of the program.

1.7.4 Decertification of Compliance Software Programs

The Commission may decertify (rescind approval of) an alternative calculation method through the
following means:

e All software programs are decertified when the Standards undergo substantial changes which occur
about every three years.

e Any software can be decertified by a letter from the software vendor requesting that a particular
version (or versions) of the software be decertified. The decertification request shall briefly describe
the nature of the program errors or "bugs" which justify the need for decertification.

e Any "initiating party" may commence a procedure to decertify an software according to the steps
outlined below. The intent is to include a means whereby unfavorable software tests, serious
program errors, flawed numeric results, improper forms and/or incorrect program documentation not
discovered in the certification process can be verified, and use of the particular software version
discontinued. In this process, there is ample opportunity for the Commission, the software vendor
and all interested parties to evaluate any alleged problems with the software program.

NOTE 1: The primary rationale for a challenge is unfavorable software tests, which means that for some
particular building design with its set of energy efficiency measures, the software fails to meet the criteria
used for testing software programs described in Chapter 3.

NOTE 2: Flawed numeric results where the software meets the test criteria in Chapter 3, in particular
when software fails to properly create the baseline building.

Following is a description of the process for challenging software or initiating a decertification procedure:

1. Any party may initiate a review of software's approval by sending a written communication to the
Commission's Executive Director. (The Commission may be the initiating party for this type of review
by noticing the availability of the same information listed here.)

The initiating party shall:

e State the name of the software and the program version number(s) which contain the alleged
errors;

¢ |dentify concisely the nature of the alleged errors in the software which require review;

o Explain why the alleged errors are serious enough in their effect on analyzing buildings for
compliance to justify a decertification procedure; and,

¢ Include appropriate data on any media compatible with Windows XP or above and/or information
sufficient to evaluate the alleged errors.

2. The Executive Director shall make a copy or copies of the initial written communication available to
the software vendor and interested parties within 30 days.
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3. Within 75 days of receipt of the written communication, the Executive Director may request any
additional information needed to evaluate the alleged software errors from the party who initiated the
decertification review process. If the additional information is incomplete, this procedure will be
delayed until the initiating party submits complete information.

4. Within 75 days of receipt of the initial written communication, the Executive Director may convene a
workshop to gather additional information from the initiating party, the software vendor and interested
parties. All parties will have 15 days after the workshop to submit additional information regarding the
alleged program errors.

5.  Within 90 days after the Executive Director receives the application or within 30 days after receipt of
complete additional information requested of the initiating party, whichever is later, the Executive
Director shall either:

e Determine that the software need not be decertified; or,
e Submit to the Commission a written recommendation that the software be decertified.

6. The initial written communication, all other relevant written materials, and the Executive Director's
recommendation shall be placed on the calendar and considered at the next business meeting after
submission of the recommendation. The matter may be removed from the consent calendar at the
request of one of the Commissioners.

7. If the Commission approves the software decertification, it shall take effect 60 days later. During the
first 30 days of the 60-day period, the Executive Director shall send out a Notice to Building Officials
and Interested Parties announcing the decertification.

All initiating parties have the burden of proof to establish that the review of alleged software errors should
be granted. The decertification process may be terminated at any time by mutual written consent of the
initiating party and the Executive Director.

As a practical matter, the software vendor may use the 180- to 210-day period outlined here to update the
software program, get it re-approved by the Commission, and release a revised version that does not
have the problems initially brought to the attention of the Commission. Sometimes the software vendor
may wish to be the initiating party to ensure that a faulty program version is taken off the market

1.8 Vendor Requirements

Each vendor shall meet all of the following requirements as part of the software approval process and as
part of an ongoing commitment to users of their particular program.

1.8.1 Availability to Commission

All software vendors are required to submit at least one fully working program version of the software to
the California Energy Commission. An updated copy or access to the approved version of the software
shall be kept by the Commission to maintain approval for compliance use of the software.

The Commission agrees not to duplicate the software except for the purpose of analyzing it, for verifying
building compliance with the compliance software, or to verify that only approved versions of the software
are used for compliance.

1.8.2 Enforcement Agency Support

Software vendors shall provide a copy of the software User's Manual / Help System to all enforcement
agencies who request one in writing.
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1.8.3 User Support

Software vendors shall offer support to their users with regard to the use of the software for Compliance
or Reach purposes. Vendors may charge a fee for user support.

1.8.4 Compliance Software Vendor Demonstration

The Commission may request software vendors to offer a live demonstration of their software's
capabilities. One or more demonstration may be requested before approval is granted.
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2. General Modeling Procedures

2.1 General Requirements for Data from the User

2.1.1 General

This document lists the building descriptors that are used in the compliance simulation. Users must
provide valid data for all descriptors that do not have defaults specified and that apply to parts of the
building that must be modeled.

2.1.2 Building Envelope Descriptions

The user shall provide accurate descriptions for all building envelope assemblies including exterior walls,
windows, doors, roofs, exterior floors, slab-on-grade floors, below grade walls and below grade floors.
The user shall provide data for all of the required descriptors listed in section 5.5 that correspond with
these assemblies. However, the following exceptions apply:

e Exterior surfaces whose azimuth orientation and tilt differ by no more than 45° and are otherwise the
same may be described as a single surface or described using multipliers. This specification would
permit a circular form to be described as an octagon.

2.1.3 Space Use Classification

The user must designate space use classifications that best match the uses for which the building or
individual spaces within the building are being designed. Space use classifications determine the default
or prescribed occupant density, occupant activity level, receptacle power, service water heating, lighting
load, area-based minimum outdoor ventilation air, daylighting setpoints, and operating schedules used in
the analysis. Process loads and refrigeration loads are also provided for applicable space types.

The user must specify the space use classifications using either the complete building or area category
methods but may not combine the two types of categories within a single analysis. The building area
method assigns assumptions based on average values that occur within typical buildings of the
designated type. The complete building method is recommended for use when detailed space planning
information is unavailable. More than one building area category may be used in a building if it is a mixed-
use facility.

The area category method uses the area category categories in the standard design, which were
developed for lighting requirements. The area category method requires area category entry of floor area
and space use designations. The area category method can be used whenever design information is
available with the necessary detalil.

The user may override the default assumptions for some building descriptors dependent on the space
use classification with supporting documentation. Details are provided in section 5.4 of this manual.

General Modeling Procedures General Requirements for Data from the User



General Modeling Procedures - Page 2-2

2.1.4 Treatment of Descriptors Not Fully Addressed By This
Document

The goal for this document is to provide input and rating rules covering a full range of energy-related
features encountered in commercial buildings. However, this goal is unlikely to ever be achieved due to
the large number of features that must be covered and the continuous evolution of building materials and
technologies. For compliance and for Reach code, building features or systems not covered in this
manual must apply for approval via the Exceptional Calculation method to the Commission. However, this
manual may be amended with provisions to model additional features or HVAC systems during the code
cycle. When this occurs, it is the responsibility of the software vendor to pass the necessary acceptance
tests and apply for approval for the new building feature(s).

2.2 Thermal Zones, HVAC Zones and Space Functions

2.2.1 Definitions

A thermal zone is a space or collection of spaces within a building having sufficiently similar space
conditioning requirements so that those conditions could be maintained with a single thermal controlling
device. A thermal zone is a thermal and not a geometric concept: spaces need not be contiguous to be
combined within a single thermal zone. However, daylighting requirements may prevent combining non-
contiguous spaces into a single thermal zone.

An HVAC zone is a physical space within the building that has its own thermostat and zonal system for
maintaining thermal comfort. HYAC zones are identified on the HVAC plans. HVAC zones should not be
split between thermal zones, but a thermal zone may include more than one HVAC zone.

A space function is a sub-component of a thermal zone that has specific standard design lighting
requirements and for which there are associated defaults for outside air ventilation, occupancy,
receptacle loads, and hot water consumption. An HVAC zone may contain more than one space function.
Appendix 5.4A has a list of the space functions that may be used with the software. Daylighted areas
should generally be defined as separate space functions, even if they have the same classification from
Appendix 5.4A, so that lighting reductions due to daylighting can be determined at the appropriate
resolution.

Figure 1 shows the hierarchy of space functions, HVAC zones and thermal zones.
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Space Space Space Space
Function Function Function Function

Space Space Space Space
Function Function Function Function

Figure 1 — Hierarchy of Space Functions, HVAC Zones and Thermal Zones

2.3 Software Modeling Requirements for Zones

2.3.1 Required Zone Modeling Capabilities

For California compliance, software shall accept input for and be capable of modeling a minimum of fifty
(50) thermal zones, each with its own control. Software shall also be capable of reporting the number of
control points at the building level. When the number of control points is not greater than twenty (20) the
compliance software shall have one HVAC zone per control point. Compliance software may use zone
multipliers for identical zones. When the number of zones exceeds twenty (20), then (and only then)
thermal zones may be combined subject to a variety of rules and restrictions.
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2.3.2 Modeling Requirements for Unconditioned Spaces

Unconditioned space is enclosed space that is neither directly nor indirectly conditioned. Examples
include stairways, warehouses, unoccupied adjacent tenant spaces, attached sunspaces, attics and crawl
spaces.

Unconditioned spaces shall be modeled if they are part of the permitted space. All applicable envelope
information shall be specified in a similar manner to conditioned space.

If unconditioned space is not a part of the permitted space, the space may be either explicitly modeled or
its impact on the permitted space may be approximated by modeling the space as outdoor space and
turning off solar gains to the demising wall that separates the permitted space from the adjacent
unconditioned space. For unconditioned spaces that are explicitly modeled, all internal gains and
operational loads (occupants, water heating, receptacle, lighting and process loads) shall be modeled as
specified in Appendix 5.4A.

Return air plenums are considered indirectly conditioned spaces and shall be modeled as part of the
adjacent conditioned space with equipment, lighting and occupant loads at zero.

Indirectly conditioned spaces can either be occupied or unoccupied. For spaces that are unoccupied,
such as plenums, attics or crawlspaces, lighting, receptacle and occupant loads shall be zero. For spaces
that can be occupied, such as stairwells or storage rooms, modeling assumptions shall be taken from
Appendix 5.4A.

Unconditioned spaces may not be located in the same zone as conditioned spaces. Conditioned spaces
and indirectly conditioned spaces may be located in the same zone; when this occurs, the indirectly
conditioned spaces will assume the space temperature schedule of the conditioned space.

2.3.3 Space Use Classification Considerations

Thermal zones shall contain no more than ten different space functions, which shall only be combined if
the spaces have similar space conditioning requirements. If the complete building method is used, each
thermal zone must be assigned to one and only one complete building type. For California compliance,
space function inputs, as how they translate to thermal zone and HVAC system analysis assumptions are
defined by the following rules:

Schedule Group: 13 different schedule groups are defined in Appendix 5.4B for California compliance.
Each schedule group defines building specific hourly profiles for thermostat setpoints, HVAC system
availability, occupancy, lighting, etc.

Space Functions: Each building space is assigned one space function. Design internal loads and other
space function input assumptions, including the assigned schedule group described above, are defined in
Appendix 5.4A. The schedule group and the schedule values for each space function are prescribed for
compliance analysis, with the exception of the following space functions:

Corridors, Restrooms, Stairs, and Support Areas
Electrical, Mechanical, Telephone Rooms
Laundry

Lobby, Main Entry

Locker/Dressing Room

Waiting Area

These space functions are common to many different building types, and therefore, the user can assign
any of the available schedule groups defined in Appendix 5.4B. This mitigates the issue of conflicting
schedule profiles if these common functions are combined into a single thermal zone or served by the
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same HVAC system as surrounding zones. In the event the user does not assign a schedule group to
these common space types, default assumptions are defined in the Appendix 5.4B.

Thermal Zones: Spaces can be combined into thermal zones. In this situation, peak internal loads and
other design inputs for the thermal zone are determined by weight-averaging the space function design
inputs by floor area. However, if the peak lighting, receptacle, and process load of the individual space
functions differs by more than 2 Watts/ft* or a factor of 2, the space functions cannot be combined into a
single thermal zone. If spaces combined into thermal zones meet these criteria, the thermal zone
schedules are based on the schedule group of the predominant space function (by floor area) included in
the thermal zone.

HVAC Systems: In many cases, more than one conditioned thermal zone is served by a single HVAC
system, which is has scheduled availability (ON or OFF) to address the occupancy and internal load
patterns of the thermal zones it serves. For systems that serve more than one thermal zone, the HVAC
Schedule Group and availability schedule is determined by the most predominant schedule group (by
floor area) represented in the thermal zones served.

If peak lighting, receptacle, or process loads of the individual thermal zones differs by more than 2
Watts/ft” or a factor of 2, the compliance software will identify this HYAC system and the range of peak
thermal zone internal loads for the given system in the final compliance report; however, compliance
analysis will still be performed.

The Schedule Group in the Standard Design is defined for each building story according to the
predominant space function type and the Schedule Group assignment in Appendix 5.4A. Residential
spaces and Covered Process spaces shall be served by dedicated systems, separate from nonresidential
spaces.

In the rare case that the predominant schedule group for the thermal zones/HVAC system cannot be
determined by floor area (i.e. two or more different schedule groups are represented by equal floor
areas), the schedule group corresponding to the combined space functions or thermal zones with the
highest combined peak lighting and receptacle load shall be used at each respective step described
above.

2.4 Unmet Load Hours

This manual uses the term “Unmet Load Hours” (UMLH) as a criterion for sizing equipment, for qualifying
natural ventilation systems, and for other purposes. The concept of unmet load hours applies to individual
thermal zones but is summed for hours whenever any thermal zone in the building has unmet loads. For
a thermal zone, it represents the number of hours during a year when the HVAC system serving the
thermal zone is unable to maintain the set point temperatures for heating and/or cooling. During periods
of unmet loads, the space temperature drifts above the cooling setpoint or below the heating setpoint. A
thermal zone is considered to have an unmet load hour if the space is outside the throttling range for
heating or cooling. The throttling range is defined in Chapter 5 as the space temperature difference
between no cooling and full cooling or between no heating and full heating. It is assumed that the cooling
and heating setpoints are “centered” on the throttling range, so that a cooling setpoint of 75°F results in
an acceptable temperature band of 74°F to 76°F. The throttling range is fixed at 2°F for simulating both
the standard design and proposed design.
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An unmet load hour can occur only during periods when the HVAC system is scheduled to operate.
Unmet load hours are accounted for in each zone of the building. No zone in the building should exceed
the maximum allowed unmet load hours.

Unmet load hours can occur because fans, air flows, coils, furnaces, air conditioners or other equipment
is undersized. Unmet load hours can also occur due to user errors including mismatches between the
thermostat setpoint schedules and HVAC operating schedules or from other input errors, for instance,
high internal gains or occupant loads. The term, as used in this manual, only addresses equipment that is
undersized. It is the responsibility of the user to address other causes of unmet load hours in the
proposed design.

Unmet load hours apply to thermal zones that contain any space type that is normally occupied. Thermal
zones that only contain the space types listed below will not have unmet load hours applied to them:

Commercial and Industrial Storage Areas
Corridors, Restrooms, Stairs, and Support Areas
Electrical, Mechanical, Telephone Rooms
Laundry Rooms

Locker/Dressing Room

Parking Garage Areas

e Unoccupied Gross Floor Areas
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2.5 Calculation Procedures

The general calculation procedure is illustrated below in Figure 2. The proposed design TDV energy use
is compared to the standard design.

Figure 2 — Calculation Process for Title 24 Compliance and Reach Code
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10.

11.

12.

13.

The process begins with a detailed description of the proposed design. Information is provided in
enough detail to enable an estimate of annual energy use for a typical weather year. This
information includes the building envelope, the lighting systems, the HVAC systems, the water
heating systems and other important energy-using systems. This collection of information is
referred to in this manual as building descriptors. Details on the building descriptors are provided
in Chapter 5.

Before the calculations are performed, some of the building descriptors are modified for the
proposed design to incorporate prescribed modeling assumptions. Prescribed modeling
assumptions include occupant density, equipment power density, ventilation rates and water
heating loads.

The next step is to make a simulation of the proposed design to determine how well the heating
and cooling loads are being satisfied. The indicator is unmet load hours, the number of occupied
hours during the year when the space temperature in one or more thermal zones is outside of the
throttling range. A large number of hours indicate that the equipment is undersized.

Test the number of unmet load hours and proceed only if the hours for each zone in the building
are less than or equal to 150 for the year of the proposed design simulation.

If the unmet load hours are greater than 150 for the year, then the proposed building simulation
model is adjusted by the user to reduce the unmet load hours to less than or equal to 150, or the
user has the option to continue with the simulation but the thermal zones that exceed 150 hours
will be reported on the compliance form.. If the problem is heating, then the size of the boiler or
furnace may need to be increased. If the problem is cooling, then the size of the coils or chillers
may need to be increased. It is up to the designer to adjust equipment sizes as necessary; in
some cases adjusting the zone airflows may solve the unmet load issue.

The final simulation is then performed to produce the results that are compared to the standard
design, which is calculated in steps 7 through 16.

Create the standard design following the rules in this manual. The standard design has the same
floor area, number of floors and spatial configuration as the proposed design; however, systems
and components are modified to be in minimum compliance with the standard design. The HVAC
systems for the standard design are established according to rules in this manual and depend on
the primary building activity (residential or non-residential), the floor area, and the number of
stories. See Section 5.1.

Sizing calculations are performed for the standard design and heating equipment is oversized by
25% and cooling equipment by 15%.

The standard design is simulated to determine the number of unmet load hours. This process is
the same as performed for the proposed design in step 3.

The number of unmet load hours for the standard design is then tested to see if they are greater
than 150 for any zone(s). This is not likely to occur since the heating and cooling equipment is
oversized by 15% for cooling and 25% for heating in step 8.

If the unmet load hours in the standard design are greater than 150, then equipment capacity in
the standard design is increased so that the unmet hours are less than or equal to 150. See the
discussion below on how equipment sizes are increased.

Once the tests on unmet load hours are satisfied, then the energy consumption of the standard
design is calculated. If the tests on unmet hours are satisfied the first time through, this step is the
same as step 9.

Finally, the proposed design TDV energy use and standard design TDV energy use are
compared for compliance or Reach.
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2.6 HVAC Capacity Requirements and Sizing

To ensure that the simulated space-conditioning loads are adequately met, adequate capacity must be
available in each of the components of the HVAC system; e.g., supply-air flow rates, cooling coils,
chillers, and cooling towers. If any component of the system is incapable of adequate performance, the
simulation may understate the required energy inputs for space conditioning and report unmet load hours.
Adequate capacities are required in the simulations of both the proposed design and standard design.
The subsections below describe the procedures that shall be followed to ensure that both versions of the
design are simulated with adequate space-conditioning capacities.
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2.6.1 Specifying HVAC Capacities for the Proposed Design

As shown in

Figure 2, the proposed design should have no more than 150 unmet load hours. If this limit is exceeded,
the software allows the user to make changes to the proposed design building description to bring the
unmet load hours equal to or below 150. This process is not automated by the software. There are two
tests that must be met to avoid excess unmet load hours:
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e Space loads must be satisfied: Space temperatures in all thermal zones must be maintained within
one half of the throttling range (1°F with a 2°F throttling range) of the scheduled heating or cooling
thermostat setpoints. This criterion may be exceeded for no more than 150 hours for a typical year.

e System loads must be satisfied: Plant equipment must have adequate capacity to satisfy the HVAC
system loads. This criterion may be exceeded for no more than 150 hours for a typical year.

If either the space or system loads do not meet the above criteria, the equipment in the proposed design
shall be resized by the user such that the criteria are met. If the space conditioning criteria are not met
because the HVAC equipment in the proposed design lacks the capability to provide either heating or
cooling, equipment capable of providing the needed space conditioning must be specified by the user.

Equipment sizes for the proposed design shall be entered into the model by the energy analyst and shall
agree with the equipment sizes specified in the construction documents. When the simulations of these
actual systems indicate that specified space conditions are not being adequately maintained in one or
more thermal zone(s), the user shall be prompted to make changes to equipment sizes or zones as
necessary. This occurs when the unmet load hours exceed 150 for the year. The use of equipment sizes
that do not match the actual equipment sizes as indicated on construction documents triggers an
Exceptional Condition that is noted on the compliance forms.

2.6.2 Sizing Equipment in the Standard Design

For sizing heating and cooling equipment capacities, the compliance software shall use design day
schedules as specified in Section 5.3. For cooling capacity sizing, compliance software shall use the
OnDay schedule from Appendix 5.4B for occupant, lighting and equipment schedules, respectively. For
heating capacity sizing, compliance software shall use the OffDay schedule from Appendix 5.4B for
occupant, lighting and equipment schedules, respectively.

Equipment in the standard design is automatically oversized by the program (25% for heating and 15%
for cooling). If the automatic oversizing percentage is not sufficient to meet demands, then Unmet load
hours are evaluated at the building level by looking at the unmet load hours for each of the thermal zones
being modeled. The zone with the greatest number of unmet load hours shall not exceed 150.

If the number of total unmet load hours for cooling and/or heating exceeds 150, then equipment
capacities of cooling and/or heating equipment must be increased by the software incrementally.

1. The first step is to determine whether heating or cooling unmet load hours are the bigger
problem. If heating unmet load hours are the bigger problem, upsize the heating equipment
capacity. If cooling UMLH is the problem, upsize the cooling equipment capacity.

2. If the cooling is undersized, the equipment is resized by first increasing the design airflow of all
zones with significant unmet load hours (greater than 150 for an individual zone) by 10%, then
the equipment capacity for the system(s) serving the affected zones is increased to handle the
increased zone loads. For a central plant the chiller(s) and towers are resized proportionally to
handle the increased system loads.

If heating is undersized, the same procedure is followed, with zone terminal units resized first, then
heating equipment second and then boilers as necessary.

The capacity of the boiler or furnace shall be increased in 5% increments and the simulation re-run until
the loads are met. For heat pumps the capacity of the coil is increased so that the additional load is not
met by auxiliary heat.
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2.6.3 Handling Proposed Design with No HVAC Equipment

If a compliance model does not contain an HVAC system, if the number of unmet load hours exceeds 150
hours for any zone, then the compliance software shall prompt the user to enter a cooling capacity for an
HVAC cooling system. The system type and efficiency characteristics shall match that of the standard
design system. The compliance software shall make an appropriate note on compliance documentation
indicating that the modeled HVAC system does not match design requirements. If the compliance
software provides a means for the user that the building has no cooling system, then this information
should be reported on the compliance reports or forms.

2.7 Ventilation Requirements

Design decisions regarding outside air ventilation shall be based on Section 120.1 of the Standards. If
local codes do not apply, minimum values from Appendix 5.4A shall be used. Chapter 5.6 of the ACM has
additional information on the ventilation requirements used in the building descriptors for the proposed
and standard design. While no compliance credit can be claimed for reducing ventilation rates in the
proposed design below the required levels, the user can specify higher ventilation rates in the proposed
design.
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3.Compliance Software Test Requirements

This chapter contains the procedures used to test and certify vendor's compliance software as acceptable
for compliance with Title 24 Part 6. Compliance software must also follow all modeling rules specified in
Chapter 5. The tests used to verify software functionality and accuracy of simulation results are referred
to as the Reference Method. The tests fall into the following categories:

e Tests to verify that the software is evaluating thermal loads and the response of the HVAC systems to
these loads in a manner that is acceptable. These tests reference ASHRAE Standard 140-2007,
Standard Method of Test for Evaluation of Building Energy Analysis Computer Programs.

e Tests that verify that compliance software is capable of modeling envelope, lighting, HVAC and water
heating efficiency features and provides precise estimates of energy tradeoffs and reasonably
accurate predictions of building energy consumption.

e Tests to verify that the Standard Design (baseline building) is created correctly, e.g. that the baseline
HVAC system is properly specified, that other components of the baseline are correctly defined and
that rules that fix and restrict inputs (such as schedules and plug loads) are properly applied. These
tests do not verify simulation outputs, but may require simulations to be run to specify inputs that are
dependent on system sizing.

e The Reference Method is designed to cover representative software functionality for building
envelope, space uses, lighting, daylighting, HVAC and water heating, both for simulation performance
and for proper implementation of ACM rules specified in Chapter 5. The California Energy
Commission reserves the right to add Ruleset Implementation Tests or Software Sensitivity Tests to
verify existing or future compliance software requirements. Moreover, the California Energy
Commission reserves the right to adjust the passing criteria for the Software Sensitivity Tests to
reflect the capabilities of commonly available energy simulation programs.

3.1 General Requirements

3.1.1 Scope
The Compliance Software must satisfy the requirements contained in this section.
The Compliance Software shall be capable of modeling at least 50 thermal zones.

The Compliance Software shall be capable of modeling at least 15 separate HVAC systems.

3.1.2 Calculation Methods

The Compliance Software shall calculate the annual consumption of all end uses in buildings, including
fuel and electricity for:

e HVAC (heating, cooling, fans, and ventilation);
e Lighting (both interior and exterior);

e Receptacles and miscellaneous electric;

e Service water heating;

e Process energy uses;

e Commercial refrigeration systems; and
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e All other energy end uses that typically pass through the building meter.

The Compliance Software shall perform a simulation on an hourly time interval (at a minimum) over a one
year period (8760 hours) with the ability to model changes in weather parameters, schedules, and other
parameters for each hour of the year. This is achieved by specifying a 24-hour schedule for each day of
the week plus holidays.

3.1.2.1 Calculating Design Loads

The software shall be capable of performing design load calculations for determining required HVAC
equipment capacities and air and water flow rates using accepted industry calculation methods for the
standard design.

3.1.2.2 Checking Simulation Output for Unmet Loads

The software shall be capable of checking the output of the energy analysis module for the proposed
design to ensure that space conditions are maintained within the tolerances specified (maximum of 150
thermal zone unmet load hours per year).

3.1.2.3 Adjusting Capacities

For the baseline building, the software shall be capable of modifying capacities, temperatures or flow
rates for baseline building HVAC system components causing excessive unmet load hours according to
the procedures in Chapter 2.

3.1.2.4 Error Handling

The software shall send a warning to the user when unmet loads exceed 150 hours, , and provide
information to the user describing the error that has occurred and what steps the user should take to
remedy the situation.

3.1.3 Climate Data

The Compliance Software shall perform simulations using the official California Energy Commission
weather files and design conditions documented in Joint Appendix 2.

The Compliance Software shall calculate solar radiation on exterior surfaces on an hourly basis from the
values of direct normal irradiance and diffuse horizontal irradiance contained in the climate data, taking
ground reflectance into account.

3.1.5 Time Dependent Valued (TDV) Energy

The Compliance Software shall be capable of applying the Energy Commission TDV multipliers for each
hour of the simulation. See California Energy Commission Joint Appendix 3.

3.1.6 Thermal Mass

The calculation procedures used in the Compliance Software shall account for the effect of thermal mass
on loads due to occupants, lights, solar radiation, and transmission through building envelope, on the
amount of heating and cooling required to maintain the specified space temperature schedules; and on
variation in space temperature.
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3.1.7 Modeling Space Temperature

The Compliance Software shall incorporate a dynamic simulation of space temperature which accounts
for:

e Dynamics in change in heating and cooling setpoint temperatures;

o Deadband between heating and cooling thermostat settings;

e Temperature drift in transition to setback or setup thermostat schedules;

e Temperature drift in periods when heating or cooling capability are scheduled off;

e Temperature drift when heating or cooling capability of the system is limited by heating or cooling
capacity, air flow rate, or scheduled supply air temperature; and

¢ Indirectly conditioned thermal zones, where the temperature is determined by internal loads, heat
transfer through building envelope, and heat transfer between thermal zones.

3.1.8 Heat Transfer between Thermal zones

The Compliance Software shall be capable of modeling heat transfer between a thermal zone and
adjacent thermal zones.

The Compliance Software shall account for the effect of this heat transfer on the space temperature,
space conditioning loads, and resulting energy use in the thermal zone and in the adjacent thermal
zones.

3.1.9 Control and Operating Schedules

The Compliance Software shall be capable of modeling control and operating schedules which can vary
by:

e The hour of the day;

e The day of the week; and

e Holidays treated as a special day of the week.

The Compliance Software shall be capable of explicitly modeling all of the schedules specified in
Appendix 5.4B of this manual.

3.1.10 Loads Calculation

The load calculations described in this section relate to the simulation engine and not to the procedure
used by the design engineer to size and select equipment.

3.1.10.1 Internal Loads

The Compliance Software shall be capable of calculating the hourly cooling loads due to occupants,
lights, receptacles, and process loads.

The calculation of internal loads shall account for the dynamic effects of thermal mass.

The Compliance Software shall be capable of simulating schedules for internal loads in the form given in
Appendix 5.4B.

The simulation of cooling load due to lights shall account for:
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e The effect of the proportion radiant and convective heat, which depends on the type of light, on the
dynamic response characteristic; and

e A portion of heat from lights going directly to return air, the amount depending on the type and
location of fixture.

3.1.10.2 Building Envelope Loads

The Compliance Software shall calculate heat transfer through walls, roofs and floors for each thermal
zone, accounting for the dynamic response due to thermal characteristics of the particular construction as
defined in the Building Descriptors in Chapter 5.

The calculation of heat transfer through walls and roofs shall account for the effect of solar radiation
absorbed on the exterior surface, which depends on orientation and absorptance of the surface.

The Compliance Software shall calculate heat transfer through windows and skylights, accounting for
both temperature difference and transmission of solar radiation through the glazing.

Calculation of cooling load due to transmission of solar radiation through windows and skylights shall
account for:

e The angular incidence of the direct beam sunlight and the angular and spectral dependence of the
solar properties.

e The variation of thermal properties of the fenestration system with ambient temperature.
¢ Orientation (azimuth and tilt of surface).

o The effect of shading from overhangs, side fins, louvers or neighboring buildings or terrain.

3.1.10.3 Infiltration

The Compliance Software shall be capable of simulating infiltration that varies by the time of day and day
of the week. Schedules are provided in Appendix 5.4B.

3.1.11 Systems Simulation

3.1.11.1 General

The Compliance Software shall be capable of modeling:

e The baseline building systems defined in Chapter 5,

e The lighting, water heating, HYAC and miscellaneous equipment detailed in Chapter 5
e All compulsory and required features as detailed in Chapter 5

The capability to model multiple zone systems shall allow at least 15 thermal zones to be served by one
multiple zone system.

The Compliance Software shall be capable of modeling plenum air return.

3.1.11.2 HVAC Zone Level Systems

The Compliance Software shall be capable of simulating the effect on space temperature and energy use
of:

e Limited capacity of terminal heating devices;

e Limited capacity of terminal cooling devices; and
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e Limited rate of air flow to thermal zones.

3.1.11.3 HVAC Secondary Systems and Equipment

The Compliance Software shall be capable of simulating the effect on energy use and space temperature
in thermal zones served by the HVAC system of:

e Limited heating capacity of an HVAC system; and

e Limited cooling capacity of an HVAC system.

The simulation of HVAC systems shall account for:

e Temperature rise of supply air due to heat from supply fan, depending on the location of the fan;
e Temperature rise of return air due to heat from return fan;

e Temperature rise of return air due to heat from lights to return air stream; and

e Fan power as a function of supply air flow in variable air volume systems.

3.1.11.4 HVAC Primary Systems and Equipment

The Compliance Software shall be capable of simulating the effect on energy use of limited heating or
cooling capacity of the central plant system.

If the Compliance Software is not capable of simulating the effect of limited heating or cooling capacity of
the central plant system on space temperature in thermal zones dependent on the central plant system
for heating and cooling, then it shall issue a warning message when loads on the central plant system are
not met.

3.1.11.5 Equipment Performance Curves

The Compliance Software shall be capable of modeling the part load efficiency and variation in capacity
of equipment as follows:

e Furnaces as a function of part load;
e Boilers as a function of part load, supply hot water temperature, and return hot water temperature;

e Water-cooled compressors including heat pumps and chillers as a function of part load, evaporator
fluid, or air temperature and condensing fluid temperature;

e Air-cooled compressors including heat pumps, direct expansion cooling and chillers as a function of
part load, ambient dry-bulb temperature, and wet-bulb temperature returning to the cooling coll;

e Evaporative cooling systems as a function of ambient wet-bulb temperature; and

e Cooling towers as a function of range and ambient wet-bulb temperature.

3.1.11.6 Economizer Control

The Compliance Software shall be capable of modeling integrated air- and water-side economizers.

3.1.11.7 Heat-Recovery Water Heating

The Compliance Software shall be capable of modeling heat recovery water heating from the following
sources:

e Double bundled chiller;
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o Refrigerant desuperheater as part of a packaged HVAC unit;
e Heat exchanger on the condenser water loop; and

e Heat-recovery water-to-water heat pumps operating off of the condenser or chilled water loop.

3.2 Special Documentation and Reporting Requirements

3.2.1 Building Envelope

3.2.1.1 Roof Radiative Properties

The user shall enter three-year aged roof reflectance and emittance for roofs that have been certified by
the Cool Roof Rating Council. The software shall report the product identification number(s) of any roofing
products used on the building, so that aged reflectance and emittance can be verified by the code official.

3.2.2 Interior Lighting

3.2.2.1 Regulated Interior Lighting Power

Complete lighting plans and space plans are required for the tailored method. Prescriptive compliance
forms for the tailored method shall be developed and these shall be verified by the plans examiner.

Whenever any of the special allowance exceptions (footnotes in Standards Table 140.6-C) are claimed,
the compliance software shall make an entry on the compliance forms to indicate that verification is
required.

With the tailored lighting method, the software shall make an entry in the special features section on the
California compliance forms that the tailored lighting method has been used to determine the lighting
power for this space and that all necessary prescriptive tailored lighting forms and worksheets
documenting the lighting and its justification shall be provided as part of the compliance documentation
and be approved independently.

3.2.2.2 Indoor Lighting Power (see 5.4.4)

Compliance software shall print all applicable lighting forms and report the lighting energy use and the
lighting level ONatts/ftz) for the entire project. Compliance software shall report “No Lighting Installed” for
nonresidential spaces with no installed lighting. Compliance software shall report “Default Residential
Lighting” for residential units of high rise residential buildings and hotel/motel guest rooms.

If the modeled Lighting Power Density (LPD) is different than the actual LPD calculated from the fixture
schedule for the building, Compliance software shall model the larger of the two values for sizing the
mechanical systems and for the compliance run. Compliance software shall report the larger value on
PRF-1. Lighting levels schedules shall be adjusted by any lighting Control Credit Watts, if input by the
user.

Lighting power is not modeled in unconditioned spaces that are modeled, but lighting in those spaces is
required to meet the prescriptive requirements for regulated unconditioned spaces such as commercial
and industrial storage spaces and parking garages. When these types of spaces are entered the
compliance software must report in the Special Features section that these spaces must comply with the
prescriptive requirements for such spaces.
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3.2.2.3 Complete Building Method

The Complete Building method triggers special reporting requirements. The compliance software shall
report the following on the compliance form:

“The Complete Building method requires that at least 90% of the building contain conditioned space, and
that at least 90% of the building conform to the building type classification. This condition must be verified
by the building official.”

3.2.2.4 Design lllumination Setpoint

Spaces that have low design illuminance levels, below the ranges specified in Appendix 5.4A, shall
provide documentation that show the design illuminance to be used as the daylight illumination setpoint.

3.2.3 Exterior Lighting

If the lighted facade area exceeds exterior wall area or if door linear footage exceeds 25% of building
perimeter, the software shall produce a warning.

3.2.4 HVAC Exceptional Conditions

3.2.4.1 Equipment Sizing

When any proposed equipment size for secondary equipment or central plant equipment does not match
the equipment size listed on construction documents, an exceptional condition shall be reported on
compliance forms.

3.2.4.2 Equipment Performance Curves

An exceptional condition must be noted if the user enters performance data for DX equipment greater
than 135,000 Btu/h.

For equipment with a capacity less than or equal to 135,000 Btu/h, but larger than 65,000 Btu/h, the user
may not enter data on the temperature dependent equipment performance. However, the compliance
software vendor may work with manufacturers to collect such data and build this data into the compliance
software. The user may either select equipment for which the compliance software vendor has collected
or use the defaults.

3.2.4.3 Process and Filtration Pressure Drop Allowance

Any non-zero value entered for supply fan process and filtration pressure drop shall be flagged as an
exceptional condition in the compliance documentation. An allowance of up to 1” w.g. is provided in the
static pressure for process and filtration requirements (such as clean rooms). Any amount may be
claimed for the proposed building, but the standard design (baseline) is adjusted by a maximum of 1” w.g.

3.2.4.4 Natural Ventilation Specified

Any time natural ventilation is specified by the user for the proposed design, either for residential or
nonresidential spaces, the software shall report an exceptional condition, that the exception in section of
the 120.1 of the Standards must be met:

Compliance Software Test Requirements Special Documentation and Reporting Requirements
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1. Natural ventilation.

A_. Naturally ventilated spaces shall be permanently open to and within 20 feet of
operable wall or roof openings to the outdoors, the openable area of which is not less
than 5 percent of the conditioned floor area of the naturally ventilated space. Where
openings are covered with louvers or otherwise obstructed, openable area shall be
based on the free unobstructed area through the opening.

EXCEPTION to Section 120.1(b)1A: Naturally ventilated spaces in high-rise residential
dwelling units and hotel/motel guest rooms shall be open to and within 25 feet of
operable wall or roof openings to the outdoors.

B. The means to open required operable openings shall be readily accessible to
building occupants whenever the space is occupied.

3.3 ASHRAE Standard 140-2007 Tests

This method of testing is provided for analyzing and diagnosing building energy simulation software using
software-to-software and software-to-quasi-analytical-solution comparisons. The methodology allows
different building energy simulation programs, representing different degrees of modeling complexity, to
be tested by comparing the predictions from other building energy programs to the simulation results
provided by the Compliance Software in question.

Compliance software must pass ASHRAE 140-2007 tests, but these tests are not part of the Reference
Method.

3.4 Ruleset Implementation Tests

3.4.1 Introduction

The tests in this section are intended to verify that the software correctly constructs the Standard
Design model and applies rules of the 2013 Nonresidential ACM appropriately to the proposed and
Standard Design models. The rule set implementation tests cover representative portions of the rules
for building envelope, lighting, daylighting, space use data and HVAC. For each test there is a set of
three models defined:

e User Model — the user model contains the user inputs for the as-designed building. In most
cases, the values for the Proposed Design will be taken from user inputs with no modification.
However, there are some cases where the building input is prescribed for the Proposed
Design, or constrained by mandatory minimums or other rules.

e Proposed Design Model — the proposed model is defined by the rules in the ACM Reference
Manual and created by the vendor software and is the building modeled for compliance. This
model takes user inputs for building geometry, building envelope, lighting and HVAC and is
used in the compliance simulation.

e Standard Design Model — this is the baseline model defined by the ACM Reference Manual
modeling rules, and is the basis for comparison that determines whether a building passes
compliance using the performance method.

These tests do not require that simulation outputs be verified, but they do require that simulation input
files for the Proposed Design and Standard Design are properly constructed according to the rules in
the ACM Reference Manual. Some tests require that sizing runs be performed, for HYAC inputs whose
values are dependent on autosized Standard Design systems.
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3.4.2 Overview

The test runs described in this section represent the Title-24 2013 Non-Residential ACM code
compliance calculation and use the following Prototype Models- Small Office Building, Medium Office
Building, Large Office Building, Warehouse Building and Small Hotel. For further details on the
Prototype Models, refer to Appendix 3C. Each of the Standard Design test cases shall be created by
modifying the Prototype Model as described in Section IV of this document. The modified Prototype
Model shall form the proposed case for each test run. The Standard Design model shall be generated
by compliance software as per the rules in the 2013 Nonresidential ACM. The Standard Design and
proposed model files for each test case shall then be evaluated to verify that:

The Standard Design building envelope constructions are correctly substituted for exterior
opaque surfaces and fenestrations.

Fenestration area in the Standard Design building is reduced in accordance with the 2013
Nonresidential ACM Manual, when the Proposed Design fenestration area is greater than 40% of
the exterior wall.

Skylight area in the Standard Design building is adjusted in accordance with the 2013
Nonresidential ACM Manual, when applicable.

Default schedules of operation are applied for both the Standard Design building and the
Proposed Design.

The Proposed and Standard Design cases use the same defaults or tailored inputs for internal
loads as required by the 2013 Nonresidential ACM Manual.

The Standard Design building lighting system is correctly specified and that exterior lighting is
modeled.

Receptacle loads and process loads are modeled according to the rules in the 2013
Nonresidential ACM Manual.

The Standard Design building uses the correct system types as prescribed in Table 5 of the 2013
Nonresidential ACM Manual.

An economizer (of the right type) is included in the Standard Design building if required.

The primary and secondary Standard Design building systems are properly specified and sized.
Fan brake horsepower is correctly specified for the Standard Design building.

Prescribed modeling assumptions are applied for both the Standard Design building and the
Proposed Design.

Overhangs are modeled in the Proposed Design for Test Case 7 but not the Standard Design
building.

Unconditioned spaces are modeled.

Other Standard Design building specifications and/or modeling assumptions are correctly applied.

As the software developer verifies the various test conditions, the input and output files should be
annotated with comments or other methods to demonstrate that the modeling rules specified in
the 2013 Nonresidential ACM Manual are correctly applied. Software developers should use the
spreadsheets included in Appendix 3C, to report the results of these tests. These annotated files
shall then be submitted to the Commission for further evaluation. Any errors discovered shall be
corrected by making modifications to the software; the runs shall be repeated; and the new
results shall be annotated for submittal to the Commission.

The Standard Design Tests are labeled using the format:

(S) 0200CZ-0OffSml- Run01

‘ Run Number
Prototype Name

Climate Zone

Prototype Number

S-Simple Geometry, D-Detailed Geometry
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3.4.3 Ruleset Implementation Tests

The following tests shall be performed to verify that the compliance software correctly creates the
Standard Design model and applies modeling rules as per the requirements of the 2013
Nonresidential ACM. The user model shall be created by modifying the appropriate Prototype Model
type. The Standard Design Model for each test case shall be generated automatically by the
complaince software.

The characteristics of the user model and inputs to be verified in the Proposed and Standard Design
models are described below.

1.

(D/S) 020006-0OffSmI-Run01— This test will verify that the applicant software models the wall, floor

and roof construction correctly and that the envelope and fenestration performance requirements

for the Standard Design are modelled as per the requirements of 2013 Nonresidential ACM.

The user model is a small office building in climate zone 6 with the following envelope

characteristics:

e Steep slope, wood frame roof with assembly U-value of 0.044, Aged Solar Reflectance of
0.75 and Thermal emittance of 0.78

e Wood-framed wall with assembly U-value of 0.091

e Exterior soffit floor with assembly U-factor of 0.070

e Mass floor with asssembly U-value of 0.039

e Fixed window with U-factor of 0.25, SHGC of 0.20 and VT of 0.45

The following inputs in the Proposed Design and Standard Design model file shall be verified and

reported in the output form provided in Appendix 3C:

e Standard Design roof, wall and floor construction assembly type

Standard Design roof, wall and floor overall U-value

e Standard Design roof, wall and floor construction assembly layer inputs

e Standard Design roof aged solar reflectance and thermal emittance

e Window U-factor, SHGC and VT

(D/S) 020015-0OffSmI-Run02—- This test will verify that the applicant software models the wall,

floor, roof construction and fenestrations correctly and that the envelope performance

requirements for the Standard Design are modelled as per the 2013 Nonresidential ACM.

The user model is a small office building in climate zone 15 with the following envelope

characteristics:

e Steep sloped wood frame roof with assembly U-factor of 0.053, Aged Solar Reflectance of
0.60 and Thermal emittance of 0.70

e Metal-framed wall with assembly U-factor of 0.056

e Exterior soffit floor with assembly U-factor of 0.070

e Slab on grade floor with floor F-factor of 0.70

e Horizontal overhang of 2 feet on south facing windows and vertical fins of 2 feet on right of
west facing windows

The following inputs in the Proposed Design and Standard Design model file shall be verified and
reported in the output form provided in Appendix 3C:
e Standard Design roof, wall and floor construction assembly type

e Standard Design roof, wall and floor construction assembly layer inputs
e Standard Design roof, wall and floor overall U-value

e Standard Design floor slab F-factor

e Standard Design roof aged solar reflectance and thermal emittance.

e Window overhangs for south and west windows
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3. (D) 070015-HotSmI-Run03 — This test will verify that the applicant software models the wall, floor
and roof construction correctly and that the envelope and fenestration performance requirements
for the Standard Design are modelled as per the requirements of 2013 Nonresidential ACM.

The user model is a small hotel building in climate zone 15 with the following characteristics:

e Horizontal Metal frame Roof with assembly U-value of 0.055, Aged Solar Reflectance of 0.60
and Thermal emittance of 0.70

e Metal-framed wall with assembly U-value of 0.082

e Mass Floor with assembly U-value of 0.058

e Fixed windows in the first floor with U-factor of 0.25, RSHGC of 0.20 and V.T of 0.47

e Operable windows in guest room windows with U-factor of 0.42, SHGC of 0.18 and VT of
0.35

The following inputs in the Standard Design model file shall be verified and reported in the output
form provided in Appendix 3C:
e Standard Design roof, wall and floor construction assembly type

e Standard Design roof, wall and floor construction assembly layer inputs

Standard Design roof, wall and floor U-value

Standard Design roof aged solar reflectance and thermal emittance.
e Window U-value, SHGC and VT

4. (D/S) 030006-OffMed-Run04 — This test will verify that mandatory minimum opaque envelope
insulation requirements are applied. The user model is a small office building in climate zone 6,
with a metal-framed wall containing R-5 continuous insulation on the exterior and a U-factor of

0.136.
a. For this test, the user model should be undefined, and the compliance simulation should not
run.

5. (D) 040006-OffLrg-Run05 — Run 05 tests whether the applicant software determines the window
area of the Standard Design model as per the rules in 2013 Nonresidential ACM.

The user model is the Large office building in climate zone 6 with an overall window-to-wall ratio
(WWR) of 52% made of a continuous band of glass distributed evenly across all facades.

The following inputs in the Proposed Design and Standard Design model file shall be verified and
reported in the output form provided in Appendix 3C:
e WWR

6. (D) 040006-OffLrg-Run06 — Run 06 tests whether the applicant software determines the window
area of the Standard Design model as per the rules in 2013 Nonresidential ACM.

The user model is the Large office building in climate zone 6 with overall building WWR-46% and
50% WWR in the west, 40% in South, 45% in East and 50% in the North facade.

The following inputs in the Proposed Design and Standard Design model file shall be verified and
reported in the output form provided in Appendix 3C:
e Window Area (and WWR) for each orientation
e Window Area (and Overall WWR) for the building

7. (D) 080006-Whse-Run07 — This test verifies whether the applicant software models the Standard
Design skylight as per the performance requirements for skylights in 2013 Nonresidential ACM.
This test checks whether the applicant software determines the skylight area of the Standard
Design model correctly.

The user model is a Warehouse building in climate zone 6 with an overall skylight-to-roof ratio
(SRR) of 7%. Curb mounted glass Skylight with U-value 0.55, SHGC 0.20 and VT 0.40. The
building has ceiling heights of 28 feet in the warehouse and 14 feet in the office.

The following inputs in the Standard Design model file shall be verified and reported in the output
form provided in Appendix 3C:
e Skylight U-factor, SHGC and VT, and SRR
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8. (D) 080006-Whse-Run08 — This test checks whether the applicant software determines the
skylight area of the Standard Design model correctly.

The user model is a Warehouse building in climate zone 6 with ceiling heights of 28 feet in the
warehouse and 14 feet in the office.The SRR of the proposed building is 14% and 80% of the
building area gets daylighting from skylights or sidelights.

The following Standard Design inputs shall be verified:
e Standard Design SRR, Standard Design total daylit area as a fraction of gross building
area
9. (D) 080006-Whse-Run09 — This test checks whether the applicant software determines the
skylight area of the Standard Design model correctly.

The user model is a Warehouse building in climate zone 6 with ceiling heights of 28 feet 14 feet in
the office. The SRR of the proposed building is 5% and 55% of the building area gets daylighting
from skylights or sidelights.

The following Standard Design inputs shall be verified and reported in the output form provided in

Appendix 3C:
e Standard Design SRR, Standard Design total daylit area as a fraction of gross building
area

10. (D) 030006-OffMed-Run10 — This test verifies whether the applicant software inserts the correct
Standard Design inputs for schedules, occupant density, equipment power density, lighting power
density, hot water load and ventilation rates using the Complete Building lighting method and in
accordance with 2013 Nonresidential ACM. The user model is an office occupancy with:

e Occupant Density- 50 ft*/person

e Equipment Power Density- 3 W/ft®

e Lighting Power Density- 1.2 W/ft®

e Hot Water Load- 106 Btu/person

e Ventilation Rate- 0.15 cfm/ft®
The Proposed Design and Standard Design Standard Design model inputs shall be verified and
reported in the output form provided in Appendix 3C:

e Schedules (verified shall include occupancy schedule, lighting schedule, receptacle

schedule, hot water schedule, infiltration schedule and elevator schedule)

e Occupant Density

e Equipment Power Density

e Lighting Power Density

e Hot Water Load

e Ventilation Rate

11. (D) 040006-OffLrg-Run11 — This test verifies whether the applicant software inserts the correct
Proposed Design and Standard Design inputs for schedules, occupant density, equipment power
density, lighting power density, hot water load and ventilation rates in accordance with 2013
Nonresidential ACM. This run tests the capability of the applicant software to model Standard
Design inputs for multiple space types using the Area Category lighting method.

The user model is the Large office building in climate zone six with the following characteristics:
e First Floor

Core and North, West Perimeter Zones - Retail Merchandise Sales, Wholesale
Showroom- Occupant Density 33 ppl/1000ft*, EPD-2W/ft*, LPD-1W/ft?, Ventilation rate-
0.75 cfm/ft’, Hot Water Load- 0.18 gal/person/hr.

East Perimeter Zone — Corridors, Restrooms, Stairs and Support Areas - Occupant
Density 10 ppl/1000ft*, EPD-0.2W/ft*, LPD-0.5W/ft*, Ventilation rate- 0.15 cfm/ft* , Hot
Water Load- 0 gal/person/hr.
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12.

13.

South Perimeter Zone — Lobby, Main Entry - Occupant Density 67 ppl/lOOOftz, EPD-
0.5W/ft®, LPD-1.5W/ft?, Ventilation rate- 1.0 cfm/ft°. , Hot Water Load- 0.09 gal/person/hr
e Second to Sixth Floor
Core and South, West, North Perimeter Zones - Medical and Clinical Care- Occupant
Density 10 ppl/1000ft*, EPD-1.5 W/ft?, LPD-1W/ft?, Ventilation rate- 0.15 cfm/ft*, Hot
Water Load- 0.24 gal/person/hr
East Perimeter Zone — Corridors, Restrooms, Stairs and Support Areas - Occupant
Density 10 ppl/1000ft*, EPD-0.2W/ft?, LPD-0.5W/ft*, Ventilation rate- 0.15 cfm/ft*, Hot
Water Load- 0 gal/person/hr.
e Seventh to Eleventh Floor Core zones
Core and South, West, North Perimeter Zones - Office (Greater than 250 swaure feet in
floor area)- Occupant Density 10 ppl/1000ft*, EPD-1.5 W/ft?, LPD-0.75W/ft*, Ventilation
rate- 0.15 cfm/ft>, Hot Water Load- 0.18 gal/person/hr
East Perimeter Zone — Corridors, Restrooms, Stairs and Support Areas - Occupant
Density 10 ppl/21000ft>, EPD-0.2W/ft*, LPD-0.5W/ft?, Ventilation rate- 0.15 cfm/ft®, Hot
Water Load- 0 gal/person/hr.
e Twelfth Floor Core zones
Core and South, West, North Perimeter Zones — Convention, Conference, Multipurpose
and Meeting Center- Occupant Density 67 ppl/lOOOftz, EPD-1W/ft*, LPD-1.2W/ft’,
Ventilation rate- 1 cfm/ft®, Hot Water Load- 0.09 gal/person/hr
East Perimeter Zone — Corridors, Restrooms, Stairs and Support Areas - Occupant
Density 10 ppl/1000ft*, EPD-0.2W/ft*, LPD-0.5W/ft*, Ventilation rate- 0.15 cfm/ft* Hot
Water Load- 0 gal/person/hr.
For each space type, the Proposed Design and Standard Design model inputs shall be verified
and reported in the output form provided in Appendix 3C:
e Schedules (verified shall include occupancy schedule, lighting schedule, receptacle
schedule, hot water schedule, infiltration schedule and elevator schedule)
e Occupant Density
e Equipment Power Density
e Lighting Power Density
¢ Ventilation Rate
(D) 030006-OffMed-Run12 — This test verifies if the applicant software applies the requirements
of the Tailored Lighting Method appropriately.
The User Model is a medium office building in climate Zone 6 with the following characteristics:
e Perimeter zones on all floors are modelled as main entry spaces using the Tailored
Lighting Method. The space has a general lighting of 0.5 Wt
e Core zones on all floors are modelled as waiting spaces using the Tailored Lighting
Method. The space has a general lighting of 0.75 W/ft* and ornamental lighting of 0.2
Wit
For each space type, the Proposed Design and Standard Design model inputs shall be verified
and reported in the output form provided in Appendix 3C:
e Lighting Power Density for main entry area
e Lighting Power Density General Lighting Power for waiting area
e Lighting Power Density Custom Lighting Power for waiting area
e Lighting Schedules
(D) 030006-OffMed-Run13 — This test verifies if the applicant software applies the requirements
of the Tailored Lighting Method appropriately.
The user model is a medium office building in climate Zone 6 with the following chracteristics:
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14.

15.

e Perimeter zones on all floors are modelled as main entry spaces using the Tailored
Lighting Method. The space has a general lighting of 0.8 W/t* and task lighting of 0.1
Wit
e Core zones on all floors are modelled as waiting spaces using the Tailored Lighting
Method. The space has a general lighting of 0.6 Wit?, floor display lighting of 0.1 WIHE,
and ornamental lighting of 1.2 Wt
For each space type, the Proposed Design and Standard Design model inputs shall be verified
and reported in the output form provided in Appendix 3C:
e Lighting Power Density for main entry area
e Lighting Power Density General Lighting Power for waiting area
e Lighting Power Density Custom Lighting Power for waiting area
e Lighting Schedules
(DIS) 020006-0OffSmI-Runl14 — This test verifies if the applicant software models lighting power
density and schedules for eligible Califonia Power adjustment factors as required by the 2013
Nonresidential ACM.

The user model is a small office building (area=5500 sq ft) with demand responsive lighting
controls. The model files shall be examined to verify whether adjustment factors are applied as
per the requirements in the 2013 Nonresidential ACM.

For this test, the lighting power density of the proposed model and Standard Design are verified

and reported in the output form provided in Appendix 3C:
e Lighting Power Density
e Lighting Schedules

(D) 080006-Whse-Run15 — This test verifies the ability of the applicant software to model
daylighting controls as per the requirements of the 2013 Nonresidential ACM.
The user model is a warehouse building in CZ-6 with the following characteristics:

e The building has three spaces — Office, Fine Storage and Bulk Storage. The office space

gets daylighting from four windows. Fine Storage and bulk storage get daylighting from
skylights.

e Daylighting controls are installed in primary side daylit areas of the office and skylit daylit
areas in all storage spaces.

e The installed general lighting power controlled by daylight controls in the office space is
150 Watts. The installed lighting power in the primary daylit zone is 150 Watts and the
installed lighting power in the secondary daylit zone is 0 Watts.

e The primary side daylighting illuminance setpoint for the office spaces is set at 400 lux
and the skylit daylighting illuminance setpoint in the fine storage and bulk storage are
each set at 250 lux.

The Proposed Design and Standard Design model inputs shall be verified and reported in the
output form provided in Appendix 3C:

For the office space primary daylit zone and secondary daylit zone:

e Lighting Power in Daylit Zone — for this input, the lighting power for general lighting is
assumed to be uniform throughout the space for the Standard Design, so the fraction of
lighting power in the space in the primary daylit zone and secondary daylit zone is equal
to the fraction of space floor area that is in the primary daylit zone

e Secondary Daylit Zone Adjustment Factor — by space type, from Appendix 5.4A

e Daylight control type

e Reference position and illuminance setpoint
For the bulk storage space:

e Lighting Power in the Daylit Zone
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Daylight control type

Reference position and illuminance setpoint
For the fine storage space:

Lighting Power in the Daylit Zone

Daylight control type

Reference position and illuminance setpoint

16. (D) 050006-RetiIMed-Runl16 — This test verifies the ability of the applicant software to model
daylighting controls as per the requirements of the 2013 Nonresidential ACM.
The user model is a retail building in CZ-6 with the following characteristics:

The building has five spaces — Front Entry, Point of Sale, Front Retail, Core Retail and
Back Space. The front retail space has daylighting from 5 feet high glass on the exterior
with a sill height of 3.74 ft. This test only tests the daylighting control in the front retail
space.

Daylighting controls are installed in primary and skylit daylit areas in all spaces and in the
secondary daylit area of the Bulk Storage.

The front retail space has a general lighting power of 1.6 W/ft* and task and floor display
accent lighting in the space of 0.75 W/ft* in the front half of the space closest to the
exterior window.

The illuminance setpoint in all daylit spaces is set at 950 lux in all daylit spaces except for
the Front_Entry Space which is at 200 lux..

The reference position for the front retail space is 5 feet from the exterior wall, at the
midpoint between the two interior walls, for the primary daylit zone, and 12 feet from the
exterior wall, at the midpoint between the two interior walls, for the secondary daylit zone.

The Proposed Design and Standard Design model inputs shall be verified and reported in the
output form provided in Appendix 3C:

For the front retail space, primary daylit zone and secondary daylit zone:
Lighting Power Density, General Lighting — this is calculated from the room cavity ratio

and illuminance level

Lighting Power in Daylit Zone — this input defines the lighting power that is controlled by
daylight dimming controls

Secondary Daylit Zone Adjustment Factor — by space type, from Appendix 5.4A
Daylight control type

Reference position and illuminance setpoint

17. (D) 040006-OffLrg-Run17 — This test verifies if the 2013 Nonresidential ACM rules for exterior
lighting are applied accurately for exterior lighting power, exterior lighting control and schedules.
This test also verifies if the Service Hot Water systems are modelled correctly.

The user model is a large office building in climate zone 6, with the following characteristics:

Hot water load of 106 Btu/h-person
Thermal efficiency of 0.78
An exterior hardscape comprising of:
i. Driveway of dimensions 20x30 feet with lighting load of 1115 Watts
ii. Parking lot of dimensions 180x56 feet with lighting load of 6566 Watts
iii. 2 sidewalks of dimensions 6x30 feet with total lighting load of 977 Watts
iv. A building entrance door light of 90 Watts.
v. 50 square feet of hardscape ornamental light of 2 Watts
vi. Lighting load of 6566 Watts on the building facade.
vii. Signage of 40 square feet with lighting load of 80 Watts

This test verifies that the Proposed Design and standard design are specified correctly for:
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Service Water Heating: thermal efficiency, hot water load
Exterior Lighting Power

18. (D/S) 020006-OffSmI-Run18 — This test checks if the applicant software models the Standard
Design HVAC system in accordance with the requirements of the 2013 Nonresidential ACM.
The user model is a small office building in climate zone 6 with the following characteristics:

19.

DX cooling

SEER - 17.58 (Cooling COP-3.84, EER 13.1)
Gas Furnace Heating

78% AFUE (Thermal Efficiency — 80%)
Constant Volume Fan

The following Standard Design model inputs shall be verified and reported in the output form
provided in Appendix 3C:

HVAC System Type

Heating and Cooling Type

Heating and Cooling Efficiency

System Sizing

Maximum and minimum supply air temperature
Fan Control Method

Cooling and heating efficiency curve

Cooling, Heating and Fan Schedule

(D) 030006-0OffMed-Run19 — This test checks if the applicant software models the Standard
Design HVAC system in accordance with the requirements of the 2013 Nonresidential ACM.
The user model is a medium office building in climate zone 6 with the following characteristics:

Core, Mid and Top Bottom Zones are computer rooms with a zone Cooling load greater
than 110,000 Btuh-Packaged Single Zone unit and constant volume fan

All Perimeter zones- DX Cooling and Hot water Boiler with reheat and variable volume
fan

Cooling Efficiency- COP=4 (EER - 13.65) for packaged single zone units; COP=3.8 (EER
- 12.96) for VAV units serving perimeter zones

Heating Efficiency — 80% for VAV unit serving perimeter zones

The following Standard Design model inputs shall be verified and reported in the output form
provided in Appendix 3C:

HVAC System Type

Heating and Cooling Type

Heating and Cooling Efficiency

System Sizing

Maximum and minimum supply air temperature
SAT Reset Control

Economizer Type and limits

Fan Power

Fan Control Method

Cooling and heating capacity adjustment curve
Cooling and heating efficiency curve

Cooling, Heating and Fan Schedule

Terminal heat type and capacity

Terminal minimum stop

Terminal heat control type

Boiler type and Number of boilers
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Boiler Heat loss, boiler minimum unloading ratio
Hot water supply and return temperature

20. (D) 040006-0OffLrg-Run20 — This test checks if the applicant software models the Standard
Design HVAC system in accordance with the requirements of the 2013 Nonresidential ACM.
The user model is a Large office building in climate zone 6 with the following characteristics:

Basement Zone is a computer room with cooling only dedicated packaged DX system.
All other zones have a Built-up VAV system.

Cooling Efficiency- COP 6.2 for chiller; EER 11, SEER 14 for packaged DX system
Heating Efficiency — 82% for boiler; not applicable for packaged DX system

The following Standard Design model inputs shall be verified and reported in the output form
provided in Appendix 3C:

HVAC System Type

Heating and Cooling Type

Heating and Cooling Efficiency

System Sizing

Sizing Factor (zone, system)

Maximum and minimum supply air temperature
SAT Reset Control

Economizer Type and limits

Fan Power

Fan Control Method

Cooling, Heating and Fan Schedule

Terminal heat type and capacity

Boiler type and Number of boilers

Boiler Heat loss, boiler minimum unloading ratio
Boiler Performance Curve

Hot water supply and return temperature

Boiler pump type

Pump motor power and efficiency

Pump part load curve.

Chiller Type and Number of chillers

Chiller fuel, capacity and efficiency

Chiller Minimum Unloading ratio

Chiller cooling capacity and adjustment curves
Chilled water supply and return air temperature
Condenser Type

Cooling Tower Fan control type and horse power
Cooling Tower Set Point Control

Pump Control Type, Motor Power, Efficiency and design flow rate

21. (D) 080006-Whse-Run21 — This test checks if the applicant software models the Standard Design
HVAC system in accordance with the requirements of the 2013 Nonresidential ACM.

The user model is a Warehouse building in climate zone 6 with the following characteristics:

Warehouse zones are served by a gas furnace heat only system.

Office Zones served by Package Single Zone system with gas furnace heating and DX
cooling.

Fine Storage HVAC system heating efficiency - 79% AFUE
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o Bulk Storage HVAC system heating efficiency — 81% Thermal Efficiency

o Office HVAC system heating efficiency — 79% AFUE

e Office HVAC system cooling efficiency — 11.2 EER
The following Standard Design model inputs shall be verified and reported in the output form
provided in Appendix 3C:

e HVAC System Type

e Heating and Cooling Type

e Heating and Cooling Efficiency

e System Sizing

e Maximum and minimum supply air temperature

e Sat Reset Control

e Economizer Type and limits

e Fan Power

e Fan Control Method

e Cooling, Heating and Fan Schedule

22. (D) 07006-HotSmI-Run22 — This test checks if the applicant software models the Standard

Design HVAC system in accordance with the requirements of the 2013 Nonresidential ACM.
The user model is a ten-story Hotel in climate zone 6 with a full-service restaurant, and an
assembly area that uses demand control ventilation.

e Guestrooms are served by a four-pipe fan coil with water-cooled chiller and boiler

e Building has a water-side economizer
The following Standard Design inputs shall be verified and reported in the output form provided in
Appendix 3C:

e System Type is four-pipe fan coil for the hotel, and kitchen is served by a dedicated

kitchen system with exhaust meeting ACM requirements
e Assembly area contains demand control ventilation in Standard Design
e Standard Design building does not contain a water-side economizer
23. (D) 030006-OffMed-Run23 — This test checks the Standard Design building for an existing,

altered building that has the roof and windows replaced, as well as a new single-zone system
serving an existing conditioned space that has been altered to remove all windows.

The user model is a medium office in climate zone 6, with the following characteristics:

e New metal building roof, R-14.58 continuous insulation

e Fenestration on the top floor South elevation replaced with new windows of the same
size (Window Status = New). New Window Properties:

= Fixed, low-e, double glazed
= NFRC Rated performance: U=0.40, SHGC=0.33 and VT=0.50.

¢ Windows removed from the wall of the top floor, west zone, and replaced with new, in-fill
opaque metal frame wall with U-value — 0.068.

e All other windows on the North, East, West and South facades are existing, unchanged
windows. Existing Window Properties:

= Fixed, Single Pane
= U=0.55, SHGC=0.56, VT=0.6.

e A new single-zone HVAC system has been installed to serve the Perimeter_top_ZN_4
Thermal Zone, which has been altered to remove all glazing and the opening replaced
with a new in-fill wall

The following Standard Design Inputs shall be verified and reported in the output form provided in
Appendix 3C:

e Top floor South elevation fenestration properties U, SHGC, and VT.

e All other facades fenestration properties U, SHGC and VT.

e HVAC System Type
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e New single-zone system serving Perimeter_top_ZN_4 Thermal Zone:
e Proposed: SEER-18.0/EER 13.1 DX cooling efficiency, 79% AFUE/80.5%
furnace thermal efficiency, no economizer.
e Baseline: Baseline System 3, SEER-13.0, no economizer, 80% furnace thermal
efficiency.
e All other zones are served by the existing HVAC systems and are the same in baseline
and proposed.
e Heating and Cooling Type
e Heating and Cooling Efficiency

e Baseline construction and u-value for New roof

e Baseline construction and u-value for New west wall

24. (D) 020006-OffSml-Run24— This test checks the Standard Design building for an existing, altered
building.
The user model is a small office in climate zone 6, with the following characteristics:
e Building WWR = 21%. All fenestration on the south elevation replaced with windows of
the same size (Window Status = Altered, no area increase).
e Altered Window Properties:
e Fixed, low-e, double glazed
e NFRC Rated performance: U=0.40, SHGC=0.33 and VT=0.50.
e Existing Fenestration has the following properties
e Fixed, Single Pane
e NFRC Rated Performance U=0.55, SHGC=0.56, VT=0.6.

e South perimeter zone HVAC systems is replaced with packaged single zone unit having
SEER-18.0/EER 13.26 DX cooling efficiency, 78.8% furnace thermal efficiency, no
economizer

The following Standard Design Inputs shall be verified and reported in the output form provided in
Appendix 3C:

e South elevation fenestration properties U, SHGC, and VT.

o All other facades fenestration properties U, SHGC and VT.

e HVAC System Type

¢ New single-zone system serving Perimeter_ZN_1 Thermal Zone :

e Proposed: SEER-18.0/EER 13.26 DX cooling efficiency, 78.8% furnace thermal
efficiency, no economizer.

e Baseline: Baseline System 3, SEER-13.0, no economizer, 80% furnace thermal
efficiency.

e All other zones are served by the existing HVAC systems and are the same in baseline

and proposed.

Heating and Cooling Type

Heating and Cooling Efficiency

System Sizing

Maximum and minimum supply air temperature
Fan Control Method

Cooling and heating efficiency curve

Cooling, Heating and Fan Schedule

25. (D) 020006-0Offsml-Run25— This test checks the Standard Design building for an existing, altered
building.
The user model is a small office in climate zone 6, with the following characteristics:
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e Building WWR = 42%. All fenestration on the south elevation replaced with windows of
the same size (Fenestration Status = Altered). Window Properties:
= Fixed, low-e, double glazed
= NFRC Rated performance: U=0.40, SHGC=0.33 and VT=0.50.
e Existing Fenestration has the following properties
= Fixed, Single Pane
= NFRC Rated Performance: U=0.55, SHGC=0.56, VT=0.6.

e South perimeter zone HVAC systems is replaced with packaged single zone unit having
SEER-18.0/EER 13.26 DX cooling efficiency, 78.8% furnace thermal efficiency, no
economizer

[ ]

The following Standard Design Inputs shall be verified and reported in the output form provided in
Appendix 3C:

e South elevation fenestration properties U, SHGC, and VT.

e All other facades fenestration properties U, SHGC and VT.

e West Facade and Overall Window Wall Ratio

26. (D) 020006-OffSml-Run26— This test checks the Standard Design building for an existing, altered
building.
The user model is a medium retail building in climate zone 6 with the following characteristics:

e All fenestration on the south elevation replaced with larger windows (Fenestration Status
= New)

e Added window area increases WWR to 42% and have the following properties:

= Fixed, low-e, double glazed

= NFRC Rated performance: U=0.35, SHGC=0.32 and VT=0.53.
e Existing Fenestration has the following properties

= Fixed, Single Pane

= NFRC Rated Performance U=0.55, SHGC=0.56, VT=0.6.

e South perimeter zone HVAC systems is replaced with packaged single zone unit having
SEER-18.0/EER 13.26 DX cooling efficiency, 78.8% furnace thermal efficiency, no
economizer

The following Standard Design Inputs shall be verified and reported in the output form provided in
Appendix 3C:

e South elevation fenestration properties U, SHGC, and VT.

e All other facades fenestration properties U, SHGC and VT.

e West Facade and Overall Window Wall Ratio

27. (D) 050006-RetIMed -Run27- This test checks the Standard Design building for an addition,
modeled alone.

e The three south facing zones are modeled as an addition alone.

e Walls between the addition and the exisiting building (not modeled) area modeled as
adiabatic

e  WWR of the south fagcade is 45%.

e All fenestration on the south elevation is New. Fenestration Properties:

= Fixed, low-e, double glazed
= NFRC Rated performance: U=0.35, SHGC=0.32 and VT=0.53.
e Lighting Power Density

= Front Entry space — 1.2 W/ft2
= Front Retail — 1.6 W/ft2 general lighting and 0.75 W/ft2 Tailored Floor Display
Allowance

e The HVAC system is a dedicated package single zone unit serving the entire addition.
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The following Standard Design Inputs shall be verified and reported in the output form provided in
Appendix 3C:

Wall type and construction assembly properties of the adiabatic surfaces
South elevation fenestration properties U, SHGC, and VT.

HVAC System Type

Heating and Cooling Type

Heating and Cooling Efficiency

System Sizing

Maximum and minimum supply air temperature

Fan Control Method

Cooling and heating efficiency curve

Cooling, Heating and Fan Schedule

28. (D) 050006-RetIMed -Run28- This test checks the Standard Design building for an addition
modeled with an existing building which includes envelope alterations.
The user model is a medium retail building in climate zone 6 with the following characteristics:

The three south facing zones are modeled as an addition.

The two north zones have altered envelope surfaces.

Core retail west wall is heavy mass altered wall

Core retall east wall is light mass altered wall

Core retail roof is wood frame and other altered roof

Back space west wall is heavy mass new wall

Back space east wall is metal frame altered wall

Back space north wall is metal building altered wall

Back space roof is metal building altered roof

The HVAC system is a dedicated package single zone unit serving the addition.

The following Standard Design Inputs shall be verified:

HVAC System Type

Heating and Cooling Type

Heating and Cooling Efficiency

System Sizing

Maximum and minimum supply air temperature
Fan Control Method

Cooling and heating efficiency curve

Cooling, Heating and Fan Schedule

29. (D) 030006-OffMed -Run29- This test checks the Standard Design building for an Envelope Only,
partial compliance project.

The user model is a medium office building in climate zone 6 with the following characteristics:

Flat, insulation above deck roof with assembly U-value of 0.065, Aged Solar Reflectance
of 0.75 and Thermal emittance of 0.78

Metal frame wall with assembly U-value of 0.068

Mass floor with assembly U-value of 0.039

Fixed windows with U-factor of 0.35, SHGC of 0.32 and VT of 0.53

No lighting or mechanical system is specified in the user input model (envelope only
compliance)

The following inputs in the Proposed Design and Standard Design model file shall be verified and
reported in the output form provided in Appendix 3C:

Standard Design roof, wall and floor construction assembly type
Standard Design roof, wall and floor overall U-value

Standard Design roof, wall and floor construction assembly layer inputs
Standard Design roof aged solar reflectance and thermal emittance
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Window U-factor, SHGC and VT

Lighting Power Density

HVAC System Type

Heating and Cooling Type

Heating and Cooling Efficiency

System Sizing

Maximum and minimum supply air temperature
Fan Control Method

Cooling and heating efficiency curve

Cooling, Heating and Fan Schedule

30. (D) 020006-0OffMed —Run30- This test checks the Standard Design building for a Lighting and
Mechanical partial compliance project
The user model is a small office building in climate zone 6 with the following characteristics:
e DX cooling
e Cooling COP-3.84 (EER 13.1)
e Gas Furnace Heating
e Thermal Efficiency — 80%Constant Volume Fan
e Space Function — Open Office (Greater than 250 square feet in floor area)
e Lighting:
= Core Spaces: New Lighting, 0.8 W/ft2 w/ Occupant Sensing Controls
= South Perimeter Spaces: New Lighting, 0.8 W/ft2, no controls specified
= Perimeter Spaces: Existing Lighting, 1.2 W/ft2
e Daylighting:
= Primary sidelit daylighting controls specified, compliant with mandatory
minimums. No Secondary sidelit daylighting controls specified

The following Standard Design model inputs shall be verified:
e HVAC System Type

e Heating and Cooling Type

e Heating and Cooling Efficiency

e System Sizing

e Maximum and minimum supply air temperature
e Fan Control Method

¢ Cooling and heating efficiency curve

e Cooling, Heating and Fan Schedule

e Lighting Power Density

3.4.3.1 Results Comparison

The applicant shall perform all tests specified in Section IV and report the outputs in the forms provided in
Appendix 3C. Note that the Standard Design for some inputs, such as cooling efficiency and pump power,
are dependent upon the autosizing of the HVAC equipment. The ruleset implementation tests do not
check that the autosized capacity matches the Reference Method, but rather, that the Standard Design
input is properly defined in relation to the autosized capacity.
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3.5 Software Sensitivity Tests

This section details the eligibility requirements for an applicant simulation program for use as compliance
software under the 2013 Title 24 ACM. A series of quantitative tests called the Software Sensitivity Tests
shall be performed to measure the change in energy consumption when changing specified input
parameters. Applicant software results will be compared against predetermined Reference results to
demonstrate that the applicant software is acceptable for use in code compliance. There are a total of 173
tests. All the test cases described here shall be performed and results summarized in the forms contained
in Appendix 3B.

3.5.1.1 Overview

The applicant software shall perform a suite of Software Sensitivity Tests to demonstrate that their
performance is acceptable for code compliance. The applicant software test results shall be compared
against a base case called the Reference test case. The Reference Test case is the corresponding match
of a particular test case simulated already on EnergyPlus (v.8.1) engine. The Reference test case results,
as determined by the Commission, are tabulated in Appendix 3B.

Test cases specific for Simplified geometry are only for software with 2D inputs for building geometry.
Software with 2D geometry approach shall seek certification by submitting the Simplified geometry test
cases. In addition, they are also required to produce results for HYAC tests which will be compared
against the HAVC reference test results which are common for both simplified and detailed geometry.

The test cases will assess the applicant software’s sensitivity to various inputs ranging from envelope
thermal conductance to HVAC system performance. Each case tests the impact of the input component
on building end use energy and annual TDV. The following six building components will be tested through
a series of tests:

e Opaque envelope

e Glazing
e Lighting
e Daylighting

e Receptacle loads

e HVAC System Parameters

3.5.1.2 Prototype Models

The Software Sensitivity Tests are performed on four Prototype Models which are a subset of the DOE
Prototype Building Models developed by PNNL for analysis of ASHRAE Standard 90.1. The Prototype
Models are EnergyPlus model input files of the DOE prototype building models, modified to comply with
the requirements of Title24-2013. The Prototype Models will be the reference baseline runs for the test
cases. The applicant software shall replicate the building models below using the same inputs as the
Prototype Models. The models so replicated will be the applicant baseline models for the test cases.

A summary of the Prototype Models is provided in Appendix 3A. Detailed input files of the Reference
baseline models are available from the California Energy Commission’s Building Energy Efficiency
Software Consortium webpage http://bees.archenergy.com/

Prototype Models used for Software Sensitivity test cases are:
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e Small Office (02000CZ-OffSml):

The Small Office model is a single story rectangular shaped building of 5500 square feet area. It has
punched windows and a hipped roof with Attic space. There are five zones, each served by packaged
single zone air conditioner units. For more details refer Appendix 3A. This ptoptotype is used for the
Simple Geometry test cases only.

e Medium Office Building (0300CZ-OffMed):

The Medium Office Building model is a three storied rectangular building with an overall area of 53600
square feet. It has a window to wall ratio of 33% with fenestration distributed evenly across all four
facades. The zones are served by DX cooling and Gas furnace heating with hot water reheat. For more
details refer Appendix 3A. This prototype is used for both Detailed geometry and Simple Geometry test
cases.

e Large Office Building (0400CZ-OffLrg):

The large office building has twelve floors and a basement floor with glass windows with a window to wall
ratio of 40% on the above-grade walls. The total area of the building is 498,600 square feet. The HVAC
system type used VAV system. For more details refer Appendix 3A.

e Stand-Alone Retail (0500CZ-RetlMed):

The stand-alone retail is a single story rectangular building measuring 178 ft by 139 ft. The total area is
24695 square feet. Windows are located only on the street facing fagade and occupy 25.4% of that
facade. The building is divided into five thermal zones which are served by Packaged Single Zone
systems as described in Appendix 3A. This prototype is used for both Detailed geometry and Simple
Geometry test cases.
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e  Strip Mall Building Strip Mall-PSZ System (1000CZ-RetlStrp):

fN

The strip mall building area of 22,500 square feet. It has ten zones each with rooftop units. The building
has windows in the street facing facade and has an overall window to wall ratio of 10.5%. For more
details refer to Appendix 3A.

3.5.1.3 Climate Zones

The Software Sensitivity Test cases use building models for five of the 16 California climate zones. Most
tests are performed with two or three climate zones to capture the sensitivity of the input characteristics to
extremes in weather conditions. The test cases are performed on climate zones 6, 15 and 16, which
represent mild, hot and cold climates respectively. Daylighting tests are performed on climate zone 7,
which has a high annual daylighting potential and climate zone 1, representative of the climate with least
annual daylighting potential.

Table 2-Climate Zones Tested

Climate Zone Example City / Weather File

Arcata / ARCATA_725945

6 Torrance / TORRANCE_722955

7 San Diego Lindbergh / SAN-DIEGO-LINDBERGH_722900
15 Palm Springs / PALM-SPRINGS-INTL_722868

16

Blue Canyon / BLUE-CANYON_725845

3.5.1.4 Labeling Test Runs

Each test case in the Software Sensitivity test is labeled uniquely to make it easier to keep track of the
runs and to facilitate analysis. The following scheme is used:

XXYYYZZ-Prototype-RunDescription
Where XX denotes the Prototype Number
YY denotes Test Run Number

ZZ denote Climate zone
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Example:
05001 1 -RetIMeTEnveIopeRoofInsuIation — Run Description

Prototype

Climate Zone

Test Run Number

Prototype Number
Example for Simple Geometry Test case
0211015-0ffSm|-SG-EnvRooflnsulation ——— Run Description

Prototype

Climate Zone

Test Run Number

Prototype Number

3.5.1.5 Test Criteria

Applicant software vendors shall perform a series of computer runs. Each of these runs shall be a
systematic variation of the applicant base case model as described in 3.5.1.7. The applicant test case
results will be compared to the reference results to verify that applicant software meets the requirements
of the ACM. Simulation results for each test case will be compiled in forms provided in Appendix 3B.
Compiled results will include annual site energy consumption for each end-use, overall site energy
consumption, total unmet load hours and annual TDV and % variation of annual TDV and total end use
site energy.

The annual TDV % variation shall be calculated using the formula:
TDVy= (TDV, — TDV,)/TDV,

Where, TDVy, is the TDV % variation,

TDV, is the annual TDV for test case number n and

TDV, is the annual TDV for the base case run.

In order to be accepted, the applicant software should fulfill the passing criteria as determined by the
Commission:

For each test case,

The change in energy for the test case must be in the same direction as the Reference Method test case
result, and must be equal to the Reference Method test case percentage change in TDV energy, plus or
minus 0.5% of baseline TDV energy.

If any of the tests required for the Title 24 compliance feature set fails to meet these criteria, the applicant
software will not be accepted for compliance use.
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3.5.1.6 Reporting Test Results

For each test case, the TDV energy use of the modeled building is reported (kBtu/ft2), along with the TDV
energy use attributed to the major fuel types (electricity, gas), site energy use, and energy end use
intensity for the regulated end uses (cooling, heating, lighting, etc.). The following energy totals are

reported:
1. Annual TDV EUI (kBtu/ft®)
2. Annual Site EUI — Electricity (kWh/ft%)
3. Annual SiteEUI — Natural Gas (therm/ft)
4.

Site Energy:
Site Energy:
Site Energy:
Site Energy:
. Site Energy:
10. Site Energy:
11. Site Energy:

©Co~No O

Annual Total End Use Site Energy EUI — kBtu/ft*

Site Energy End Uses
Heating (kBtu/ft?)
Cooling (kBtu/ft?)
Interior Lighting (kBtu/ftz)
Interior Equipment (kBtu/ftZ)
Fans (kBtu/ftZ) (Airside Fans, does not include tower fans)
Pumps (kBtu/ft2
Towers (kBtu/ft")Water heating (kBtu/ft®)

12. TDV % Variation — this field is used for the compliance test

13. Total End Use Site Energy % - percentage change in site energy use

14. Pass/Fail — test fails if it does not meet passing criteria

15. Unmet load hours — these are defined as the zone with the most unmet load hours
a. Reference Model Occupied Unmet Load Hours

B

1 |TEST RESULTS

2

AG

Pass/Fail

1

2

3

4

5

6

7

.

0|

-

1

b. Applicant Model Occupied Unmet Load Hours

c. Reference Model Number of Zones with excess unmet load hours (>150)

d. Applicant Model Number of Zones with excess unmet load hours (>150)
AK8 - Je

C Y z AL AB AC AD AE
11 12 13
Variation from Baseline
Btu/sqft) Water Heating (kBtu/sqft) TDV % variation Total End Use Site Energy %
Test Case Variation
Applicant Model |Reference Model [Applicant Model |Reference Model [Applicant Model |Reference Model [Applicant Model

CZ155tandAloneRetailB 758
01CZ15StandAloneRetail Envelope Roofinsulation 737 2.52% 2.37%
02CZ15StandAloneRetail Envelope Walllnsulation 738 0.74% 0.64%
03CZ15StandAloneRetail Envelope Heavy 737 -5.16% -3.69%
CZ165tandAloneRetailB 973
04CZ16StandAloneRetail Envelope Raofinsulation 373 2.01% 2.04%
05CZ16StandAloneRetail Envelope Walllnsulation 373 0.55% 0.79%
06CZ16StandAloneRetail Envelope Heavy 9.72 -2.84% -0.32%
CZ06StandAloneRetailB 865
07CZ06StandAloneRetail Envelope Roofnsulation 8.65 0.81% 0.57%
08CZ065tandAloneRetail Envelope Walllnsulation 8.65 0.45% 0.48%
09CZ065tandAloneRetail Envelope Heavy 8.64 -1.25% 0.72%
CZ15MediumOfficeBaseline 208
10CZ15MediumOffice Envelope Floorslablnsulation 2.03 -0.77% -0.53%
11CZ15MediumOfiice Envelope Infiltration 203 -0.26% -0.29%
CZ15MediumOfficeBaseline 208
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Figure 3 — Results Spreadsheet Excerpt from Appendix 3B
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The results spreadsheet provides the results of the Reference Method for each test, and provides a
column (in orange) for the vendor to report the results from their candidate compliance software.

The variation from baseline section of the spreadsheet shows the percent change in TDV energy use
(kBtu/ft2) from the base case for testing. The percentage must be within the passing criteria for the
candidate software to pass this test.

Also reported is the number of unmet load hours during occupied hours for the building. An unmet load
hour for a specific zone in Title 24 compliance is defined as any hour when the zone has an unmet
cooling or heating load. This is typically reported by the software for each zone in the building. For the
test case results, two unmet load hour metrics must be reported: the number of unmet load hours for the
zone with the greatest number of UMLH, and the 